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PREFATORY NOTE. 



Five of the following chapters appeared in The 
DiicipU, a monthly magazine published in Cincinnati. 
Of these the first three were signed "Clarence." 

Dr. Hall made a long reply to the first of these 
articles, merely acknowledged in his paper the receipt 
of the second, and said nothing at all about the 
others. 

I can not but express my surprise at this .silence. 
The Doctor has always shown himself anxiously ready 
for a discussion. For years he has been making the 
most audaciously personal appeals to the leading 
physicists of the world to pay some attention to him. 
But as his appeals have all been in vain, I thought 
perhaps he might be willing to amuse himself for 
a while by pursuing smaller game. But seemingly I 
was mistaken. Humiliating as it would naturally be 
to my feelings, I would not demur to accepting the 
explanation that the Doctor considers me unworthy of 
notice, if he had not said this about me in his reply to 
my first article : 

"Our sympathy with him is all the more intense, in that lie 
evinces in his writings a. degree of ability which might have proved a 
bUsung to the world in advocating SuhstKntialism, hid his mind 
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chanced to see this philosophy in its true light, and had he not been 

misled by circumstances." — Scientific Arena^ April, 1887, p. 175. 

ft 

After all, I do not believe the Doctor is half so 
warlike as he thought he was. 
July, 1887. 
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In the summer of 1881, being then quite a young 
man, I saw in a newspaper a. review of "The Problem 
of Human Life." It was quite eulogistic, and declared 
that the wave theory of sound had been completely 
overthrown. If this were true, I thought it an inter- 
esting fact, and immediately secured a copy of the 
book. I had learned from the review something of the 
drift of its teaching on the nature of sound, and was 
predisposed to accept its revolutionary views. 

I expected sometime to devote myself to scientific 
studies. If all the leading theories of science were to 
be revised, it occurred to me that I had been born into 
the world just in time. If all scientific men were now 
"at sea," a young man might launch his little bark 
with more hope of success. 

I read the volume through in a few days. I was 
confused, but not convinced. The book was of un- 
doubted strength and plausibility. But a suspicion 
would linger in my mind that a fallacy was hidden 
somewhere in the argument, and which I did not see. 
I had seen many mistakes on minor points, but the 
book seemed strongest on essential features, I saw 
that sometimes he had entirely misapprehended the 
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teaching of the wave-theory. Its argument, I felt, was 
mainly destructive. Its constructive argument was far 
from satisfactory. I disliked exceedingly the spirit in 
which the work was written. I re-read the discussion 
of the principal points. The mists cleared away. It 
s somewhat humiliating to find I could be befogged 
easily. I consoled myself, however, by thinking 
iat many older heads than mine had been duped by 

Ithe same thing. The book was plausibly written, but 

lit did not seem difficult to answer. I have since seen 

I that a large share of its plausibility comes from its 

I extraordinary volubility and assurance. 

Being satisfied with my examination, and retaining 

I my allegiance to the acoustical "faith of my fathers" 
; creed that I had half-expected, even hoped, to 

' abandon — I paid no more attention to the book for 
years. 

Something over a year ago a friend urged upon me 
the advisability of putting these thoughts into print. 
Though having no special longing for authorship, the 
suggestion struck my mind favorably. I know that I 
am dealing with an ephemeral question, that the next 
generation will know nothing of "The Problem of 

L Human Life," or of this review, either. 

I It is amusing to read the statements of the " sub- 
stantialists " (as they call themselves) about "the mag- 
nificent fight that is being waged in the scientific 

_^woj-ld." Al! the fight that I know of that is being 



waged is in one newspaper office, in one city, by one 
little coterie of men. The remainder of the ' ' scientific 
world," which, however, is several thousand times the 
larger, moves placidly on, and literally knows nothing 
of the "fight," but is studying into the mysteries of 
nature, discovering facts, making inventions, general- 
izing its knowledge. 

To avoid allowing this work to become too volumin- 
ous, I have purposely dwelt at length upon only essen- 
tial points.* The book, of which this little volume is 
a review, is written with remarkable volubility and in 
utter disregard of all logical arrangement. Every 
argument is stated with great fullness, and occurs many 
times over in all its fullness. Seemingly, aiiy argu- 
ment can be made to fit anywhere, and accordingly 
any argument is lugged in at most unexpected times 
and places. 

Dr. Hail is author, not only of "The Problem of 
Human Life," but also was editor of the Microcosni, 
and now edits the Scieniific Arena, which succeeded the 
first journal. In this review I have referred to them as 
freely as to the volume mentioned, for they are but 
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X. INTRODUCTION. 

little more than the expansion of that which was first 
published in his book. When page alone is given, 
reference is meant to " The Problem of Human Life ;" 
other references are properly indicated. 

In the preface to his book. Dr. Hall says : 



ndertaking the taslt of breaking thruof h the 
evolulLonist, and in order to prepare the 
per estimate upon these so-called scientific 
verthrow religion — such, for example, as Mr. 
p development from the monkey — I resolved. 



"Prior, however, to 
entrenched works of the 
render for placing the pn 
theories which oshume to 
Darwin's doctrine of Ban 
as an example of what might be expected in the future, lo aittrnpt the 
overthrow of one of ihe universally accepted Ihcories of science — «, 
theory which has never been called in question by any writer on the 
subject, and which is considered to-day, by all scientists, as as firmly es- 
tablished as the Copernican Theory of Astronomy,* or as little doubted. 
M the law of gravitation, namely, the Wave-Theory of Sound, out of 
nhich has been developed the undulaiory Theory of Light, and the 
more recently constructed theory of Heat as a Mode of Motion."— P. 5, 

That is to say, he had a case to make out, and there 
were to be no scruples as to the means employed. 
Having found a theory that he believes is more gen- 
erally conceded than any other, he prepares to make 
out a case against it. It makes no difference whether 
the theory be true or not — that is not involved in his 
purpose. 

The mind instinctively prepares itself to listen to 
reasoning that resembles the argument of a shrewd but 



INTROmJCTION. Xi. 

unscrupulous lawyer before a jury. Even the sharpest 
lawyer, in his eagerness, will sometimes overreach him- 
self, and leave an impression on the minds of his 
hearers the opposite of what he intended. 

Dr. Hall has done this. After reading this state- 
ment in the Preface, one turns to the opening chapters, 
expecting to hear some " special pleading." Quibbles 
and sharp practice will be the order of the day. At 
least that was the impression left on my mind. 

One finds what he expected to find. A mind nat- 
urally very acute, has bent every energy of its being 
to gaining a verdict against the wave-theory of sound. 

He knows the jury. They are intelligent men, but 
not specialists in acoustics. They have never read an 
exposition of the wave-theory (unless it be a few pages 
devoted to it in some school-book), and probably never 
will. They are believers, and they gain the impression 
that the undulatory theory of sound is the foundation 
of most of the skepticism of the day. The probable 
verdict can be foretold. And when the verdict is pro- 
nounced against the wave-theory, Dr. Hall and the jury 
are astonished to find that the scientific world does not 
care. 

If a farmer should publish an article on the best 
method of raising a certain kind of grain, and all the 
city people in the world, who had never done any 
farming, should declare the method to be useless, and 
worse than useless, what would that farmer care ? If 
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Other farmers endorsed it, he would care nothing for 
the lurid invective that went up from the cities. 

After all, It does make a difference whether or not 
a man knows anything in regard to a matter about 
which he is talking. Such a common sense way of 
looking at the converts as this, however, never oc- 
curred to a "substantialist." 

In a foot-note, Dr. Hall gives this explanation 
of his attack on the law of gravitation : 



" An influcnlifll cf 
year ago ridiculed oui 
lound, and said, ' He r 
toil's theory of gravitati 
demon sira lion ; and v 
would attempl New on 

Acting upon this cue, 
roalhematical detnoi 
the wave-theoty, i 
discussions. " — Afi 



ic — a professor m a leading college — about a 
attempt to break down the wave-theory of 
ight just as well attempt id break down New- 
n, both alike being established by mathematical 
should not be surprised if this iconoclast 
law for his next crusade.' How prophetic 1 
re eiamined Newton's law, and compared its 
with those of Tyndall and Helmholtz for 
e result now being made public through these 
r. Vol. 11., p. Irf. 



That explanation does not leave the impression on 
the mind that the investigation was carried on with 
intellecttial honesty. 

Physicists have considered the possibility of the 
overthrow of the accepted law of gravitation, and have 
felt no repugnance to the thought. Prof, Tyndall 
says; 



"While I have endeavored t 
AereiDie wisn lo close your eyes i 



place before you, with the utmost 
e iindulatQcv theory of light, do I 
Tain^t any evidence that mav arise of 
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its incorrectness? Fai- from it. Vou may say, and justly say, that a 
hundred years ago another theory was held by the moat eminent men, 
and tha', as the theory then held had to yield, the undulatory theory 
may have to yield also. This is perfectly logical. Just in the same 
way, a. person in the time of Newton, or even in our own time, might 
reason thus : ' The great Ptolemy, and numbers of great men after him, 
believed that the earth was the center of the solar system. Ptolemy's 
theory had to give way, and the theory of gravitation may, in its turn, 
have to give way also.' This is just as logical as the former argument. 
The strength of the theory of gravitation rests on its competence to 
account for all the phenomena of the solar system. On a precisely 
similar basis rests the undulatory theory of light; only that the phe- 
nomena which it explains are far more varied and complex than the 
phenomena of gravitation. "^A'ii&j u» LigAl aitd Ekclricily, p. 126. 

When a man can bring forth arguments strong 
enough to overthrow Newton's theory of gravitation, 
they will receive examination without their author 
being compelled to attack anybody's character to 
attract attention, and scientific men can not be com- 
pelled to pay attention to rubbish by making personal 
attacks upon them. 

Dr. Hall's fury against "current science" is very 
great. But this is nothing new. Such tantrums are 
common. Every few years some one comes forth 
riding a hobby in science. He wants all scientific men 
to ride the same hobby, and, like all hobby-riders, he 
wants all others to ride behind. After examination, 
the great majority of scientific men decline to ride at 
all. Then the sky becomes lurid with the fitful glare 
of the scathing denunciations of "current science." 
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But the scientific world moves steadily on, while the 
hobby and its rider pass to the Lethean shore, forget- 
ting the world, and, sad to say, forgotten by the 
world. * 

A few years ago Dr. J. B. Dods discovered what 
he called "Electrical Psychology." f The drift of his 
teaching may be gained from a few extracts from his 
book : 



n paperi, 



le of the 



" Frim the extracts which I have read from the Aubur 
jTDu will at once perceive the power and glory thai hover ar 
science, and the importanae which is claimed in its behalf ha c 
greatest blessings ever vouchsafed to the human rsce." — p. 26, 

" Tq establish the fact that electricity is, indeed, the connecting, 
link between Ihe mind and the body, I would in the first place distinctly 
remark, that mind can not come in direct contact with matter. My 
mind can no mote directly touch my hand thaji it can the mou 
rock."— p. 55- 

"Though there is but one grand cause of disease, which i' 
electricity of ihe system thrown out of balance, yet there are. neve 
less, I wo modes by which this maybe done. It maybe done by m 
impressions. And it may also be done by physical impressions from 

"Independent thought and fearless expression have ever draw 
forth the scoffs and sneers of that portion' f our race who have adopte. 
without investigation, Ibe scientific opinion of oihers. I refer to thrj 
only who have received their ideas by inheritance, as they did their real 



• Dr. Hall Slullifi« hiniHlf, hdwever, m 
accs»lian ihu Ihe itientific boaki ire bi 
slatcmcnK as Ihe fnllowing ; " Dr. Lori 
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ite. For the one they never laliored, and for the other they never 
thought."— |i. 34- 

" Had not some master spirits dared to freely speak and vrite their 
thoughts, then those pretended friends of science, who now oppose 
everything that may appear to them hoth new and strange, would have 
been destitute of tha.t knowledge they ohtained from hooks ; n.nd not 
dajing to think for themselves, they would have remained in menial 
nighL It is by daring lo step aside from the beaten track of books, 
and bringing forth from the dark arcana of nature into the light of day 
some new truth, that we unite our mite to the common slock of knowl- 
edge already accumulated. He who denies us this grand right of our 
nature is a scientific bigot, and has yet to learn that even the school and 
college were only established to discipline the mind for action." — p. 36. 

The writings of this man, like those of the "sub- 
atantialists, " have the true ring of intolerance. Because 
some expressed their doubts, he raised the cry of sci- 
entific bigotry. As though that other man had not as 
good a right to express his doubts as Dr. Dods had to 
publish his views. The right was no greater in one 
case than in the other. 

Dr. Dods thought Electrical Psychology would 
revolutionize the world, that it would banish disease, 
pain and ignorance, and lift the world to an immensely 
higher plane than that on which it now lives, As we 
see, because the majority of scientific men looked upon 
his theory coldly, he was exceedingly bitter against 
them. He appealed, he said, from the scientific bigots 
to the general public, who were more open to new im- 
pressions. He gained recognition there. A commit- 
tee of the United States Senate invited him to lecture 
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in the Capitol at Washington. The names of the per- 
sons on the committee certainly command our respect 
They are: G. W. Jones, John P. Hale, H. Clay. Thos. 
J. Rush, Sam. Houston, H, S. Foote, Daniel Webster. 

If Electrical Psychology could have done one-half 
of what its discoverer said it could, it would have en- 
circled Christendom by this time. It had public recog- 
nition, and if it had possessed inherent worth, the op- 
position of the whole scientific world could not have 
kept it down. The hobby has carried itself and its 
rider into oblivion, but "current science" remains. 

Dr. Dods has this to say on the method of crea- 
tion: 

" It is the most commonly received opmion in the Christian n 
that God made all things out of nothing. It is true the Inspired Book 
does not say or even hint this. It simply says, ' In the heginning God 
created the heavens and the earth.' but it does not add Ihe words, ' < 
□f nothing.' It is absolutely and philosophically iinpossihle, in the 
very nature and conslilution of things, that something can be made 
out of nothing. It implies, at the same time, a contradiction in ter 
We can not form even a notion in our imaginations how much of ni 
ing it would take to lorm the least imaginable something. I amspeaV 
ing of ' nothing ' In ihe slriclest se se of Ihe word. But using the w 
• nothing ' in Its common acceptation, we can easily perceive how sit 
things could have been made out of nothing. When all visible thingrf 
are removed from a room, we say there is nothing in it — it is empty. 
Yet we know it is filled with air, because we continue to breathe. Birt 
if (he air, by a force-pump, were removed from an air-tight roo 
might, with much more propriety, say Ihcre is nothing in it ; yet elec. 
iricity would be there. If nblid SubstanGes were, therefore, made <n| 
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of air, in an empty room, and nothing bnt electricity left, and if solid 
substances were produced from this ethereal and invisible fluid, we 
could, with much more apparent consistency, say that they were made 
out of nothing. In this sense, I grant that all things were made out 
of nothing. Paul says, ' The things that are seen were not made out 
of things that do appear.' Here he plainly states that the substances 
seen were made of invisible substances, or such as did not appear j far 
by ' things ' he means only substances. If, however, it is said to create 
must mean to bring something out of nothing, I have only to say, that 
is not so ; for it says, ' God created man out of the dust of the earth.' 
Here he created him out of something — it was dust, and yet it was 
creation. The Hebrew word rendered create, more strictly means to 
gather together by concretions, or to form by consolidation — but never 
can it mean to bring something into existence from absolutely and 
positively nothing. I therefore contend that all things were made out 
of electricity, which is not only an invisible and imponderable sub- 
stance, but it is primeval and eternal matter." — pp. I2I, 122. 



Dr. Dods had a suspicion he was a martyr, and the 
"substantialists " are absolutely certain they are. 

To see them posing as martyrs, and to hear their 
pathetic yet heroic words, is a touching scene. The 
only difficulty is that they can not secure any persecu- 
tion : and who can be a successful martyr without a 
persecutor? Scientists have given them an open field. 
They can make as many converts as they please, and 
no scientist of reputation utters a word of protest or 
lays a straw in their way. 

Martyrdom is a word having almost sacred associa- 
tions connected with it, and it should not be debased 
by applying it to so free and festive an occasion. 
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A paper in Chicago, entitled ** Problems 0/ Nature, 
an advocate of Spiritualism, had this to say * on the 
death of Prof E. L. Youmans, editor of the Popular 
Science Monthly : 

** A few so-called scientific papers are published in this country, 
with a bit of circulation and a bit of pretension to fame. Only one of 
the number has a circulation of any consequence. All the rest are con- 
tinued barely as the favorite of a college or wealthy person. All are 
an incumbrance to the owner, except the Popular Science Monthly, of 
the house of D. Appleton & Co. ; and this is fast losing its circula- 
tion. Not less than half of it is gone already since our paper was 
started, and in another year its owners will call off the great copier of 
fashionable science. Its principal editor is dead, and his soul has 
caught an idea for the first time since its departure from the body. He 
was barely a spiteful defender of a bigot's opinion, and in no way did 
he contribute a speck to the world's knowledge. He was absolutely 
incompetent to see a fact of Nature, even when pointed to one ; and a 
a beetle's tail possesses as much discernment of the operations of Na- 
ture. A childish and sychophant admiration for a wily bigot was his 
whole work, and in some cases he was actually worshiping a dunce or 
half-witted person as a great discoverer of the affairs of creation. He 
could swallow the whole Darwin Gospel at one gulp of his throat, and 
because a fancied bigot was swallowing it, too. He was as powerless to 
see a fact was not in it as a grasshopper, and he could only detest a 
person who could. With the exception of this pamphlet, given assist- 
ance by a great and wealthy book firm, there is not one scientific affair 
capable of obtaining its expenses from a public. In another year all 
are out of existence. There is not a writer on one of them who is fit 
to do more than copy and praise a bigot. Not one can see a fact or 
operation of Nature when informed what it is. All are as worthless as 
teachers of science as the dead stocks of grass." 

* Feb. X, X887. 
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Tiis editor can show letters from his admirers filled 
with as fulsome flattery as Dr. Hal! can. 

But another craze, much similar to Dr. Hall's phi- 
losophy, is now running; its course among us, namely, 
the Zetetic Philosophy, or the theory that the earth is 
flat — advocated especially by John Hampden, of Eng- 
land, and William Carpenter, of the United States. 
These men believe, with Parson Jasper, that " the sun 
do move." 

There is a remarkable parallelism between the cir- 
cumstances of the two theories: 

(i) Both Jiave a religious origin. The Zetetic philos- 
ophers say there are certain passages in the Bible that 
assume that the earth is flat. Hence they oppose the 
Copemican system of astronomy as contradicting the 
Bible. 

As between the Zetetic philosophers and Dr. Hall, 
the former have the best of the argument. If we say 
the Bible is always to be understood in the baldest lit- 
eral sense, then the Zetetic philosophers are right. Dr. 
Hall can not bring up any passages from the Bible that 
directly sustain him. He claims only that certain in- 
ferences from it sustain him. Indeed, the bald literal 
sense contradicts him. One of his objections against 
the currant way of speaking of gravitation is, that 
science lias thus really made it nothing. Well job says : 

" He Btretchesl out the norlh over the empty place, and hangelh 
tlwearlh upon nolhing" (xxvi. 7). 
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Rev. Thomas Munnell says : 

** The wave-theory must die ; substantialism must live, because it 
is helping to bring life and immortality to light." — Microcosm^ Vol. IV., 
P- 43- 

The zeal of the adherents of each doctrine is of re- 
ligious, not scientific, origin. 

(2) Both these theories are ingeniously defended^ and 
are made quite plausible. Dr. Hall, in opposing 
Zetetism, says: 

" We thus speak of the founder of this doctrine because his book 
false as his book evidently is, evinces no common ability or learning. 
The book, which is an exhaustive treatise on the subject, contains more 
than one hundred engravings of fine execution, making the entire 
work a masterpiece of scientific criticism and literary composition. 
Hence, in attempting to overturn a theory supported by such unques- 
tioned ability and extended physical research, bearing on every propo- 
sition discussed, and aided by such a fund of general scientific knowl- 
edge as that author possessed, we are frank to confess that we had a 
much larger contract on our hands than we supposed at the start." — 
Scientific Arena j Sept , 1 886, p. 57- 

** Indeed, some of these books now in circulation are so puzzling 
even to careful thinkers in matters of science, that their readers have 
often called our attention to the Zetetic system of astronomy, as it is 
termed by its advocates, and have ur^^ed us time and again to expose it 
in such concise and fitting terms as to place on record a definite and 
easily grasped antidote for this rapidly spreading fallacy of science." — 
Scientific Arena, August, 1866, p. 41. 

(3) Astronomers have let Zetetism alone ^ even as phy 
sicists have been indifferent to ^^substantialism.** 

(4) Both theories have illustrated the fact that it is 
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very easy to confuse a man, kowener intelligent he may be, 
wken he is on ground with which lie is unacquainted. 

" Finally, when two highly edncated ministers of the city of 
Brooklyn, one a leading Episcopal clergyman, came to us and cod- 
fessed chemselves unable lo answer the argumentE of the Hat philoso- 
phy, or to demonstrate the earth to be a globe in the face of its reason- 
ing, we determined to commence a series of papers in the SctentiSc 
Arena" etc. — SciaiHfii Arena, August, i386, p. 41. 

(5) Tile advocates of both tlieories are tiiolent in their 
abuse of '' current science." Both say scientific men of 
reputation are afraid to attack them. 

" The more the folJowers of CopernicuE laughed, the more indus- 
Criously and audaciously would they circulate their books, and the bit- 
terer would become their denuociation of Che ignorance and prejudice 
of college professors in not condescending, or rattier in not daring, to 
meet their invincible arguments, as Ihey claimed them to be." — Scuti- 
tiHc Anna, August, 1886, p. 4I. 

" Mr. Hampden complains bitterly that the scientists of England 
treat him and his Zetetic theory with contempt, paying no attention 10 
his thousands of books, pamphlets and circulars sent out. They are 
called cowards and other bad names without stint, because they will not 
allow him to ventilate liis views in their dilTerenl scientific periodicals." 
-^Ibid, p. 41. 

With a slight, very sHght, change of wording, these 
extracts can be appHed to the " subs tan tiaUsts. " I 
therefore adopt the Doctor's words as applying to him, 
and say, "Thou art the man." 

(6) Both finding that abuse had no effect, have occasioft- 
alfy tried flattery and soft words. Mr. Carpenter dedi- 
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cated one of his books to Prof. Proctor, but that astron- 
omer only wrote the author a note thanking him lot 

the courtesy of the dedication. 

Dr. Hall dedicates one of the later editions of his 
book "to the scientific investigators of Europe and 
America " with his "kindest wishes." 

(7) Neit/ier Zetetism nor Subslantialism is new. The 
nature and the advocates of the one theory much re- 
semble the nature and the advocates of the other. 

In making this attack on physicists Dr. Hail tried to 
prove too much, and it is said that " Whatever proves 
too much proves nothing." 

If Dr. Hall's arguments are founded on a true con- 
ception of the wave-theory, if they are all logical, and 
if all his conclusions are valid, then the scientific men 
of all ages have been a set of fools. It will not do for 
the Doctor, when it suits his purpose, to try to shift the 
absurdity from the adherents to the theory — it must be 
in both If Dr. Hall's arguments are valid, then the; 
men who first formulated the wave-theory were idiots, 
and every man who has believed it since has been a 
fool. That is all there is of it, and without any mincing 
of words. He also tries to prove that in some things 
at least they knew they were teaching falsehood. That 
is, they were, and are, a set of dislionest fools. 

In other walks of life scientific men have shown 
themselves to be the intellectual peers of any. They 
have blessed the world by their labors, and the world 
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appreciates their work and is grateful. Thousands of 
them have been men of unblemished reputation. No 
man can be completely lacking in every element of 
common sense in one-half of his mind, and rotten to 
the core in the corresponding half of his character, 
and have in the other half of his mind a powerful 
intellect, and retain on the corresponding half of his 
character a spotless reputation. 

Dr. Hall has always made " substantiahsm " of su- 
preme, even exclusive, importance. Indeed, it is of 
more importance than the Bible ! In the first article of 
Ha^ first volume of the Microcosm, the Doctor says : 

" Instead of massing Scriptural proofs of the immortality of the soul, 
which none question and few heed, let every clergyman in the land 
from this time lorward boldly lake the view of Nature here outlined, 
and maintain with inc on 1 rover tible proofs that the invisible anii intan- 
gible ' forces' are as really substantial as ar,- the corporeal bodies rec- 
ognized by our senses, and, you may dcpeJidupon it, there will, at once, 
be opened to view 1 new world of substantial entities from which a. 
flood of light will be^onred into tlie skeptical mind." 

This is in accord with the estimate he always places 
upon his theory. 

Rev. J. I. Swander says : 

" Drs. Hall and Moll cm never capture and hold the citadel of trne 
philosophy and leave the wave-lh=ory undemolished. As well might 
the great Captain of our salvation have tried to pass up, as our fore- 
runner, to heaven with the keys of death and hell in his hand, and leave 
»n uncaptured oc unconquered grave in the midsl of hia triumphal 
march tu the gates of the celestial city. If the Substantial Philosophy 
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rue, Ihe wave-theory of soun J is fnlse. If SulislanliflUsm is nol true, 
islianity has no durable foundation, and the fondest hopes of the 
aan heart have no anchorage beyond the mutable stuff which mate- 
ism woiships as the god of its idolatry." — Scientific Arena, }uoe. 



Substantialists, like all persons of one idea, are 
fiercely intolerant. They allow no room for difference 
of opinion. In this same article, in speaking of Dr. 
Hall's book. Rev. Mr. Swander says : 



Those who refuse to be convinced therebj' would not believe, 
lough one should arise and come to them from the materialistic hell." 

Rev. F. Hamlin says; 

" No less patent is the error (and criminal, indeed, is the incon- 
tislency and dishonor) of these men in s'.ill adhering to the ' wave- 
theory of soQnd ' after the hot-shot from ■ Wilford's ' artillery have slain 
it beyond the possihility of a resurrection." — Miirocosm. vol. i., p. 335. 

The New York Independent spoke slightingly of Dr. 
Hall's book, and this rendered him furious. He closes 
one of his articles against that journal by quoting, with 
approval, these words of another : 

" Skinning skunks is not a very pleasant occupation, but we deem 
the wor* necessary in the case of Henry C. Bowen, and we have de- 
voted some lime and space of late to this work. What the skunk is to 
the lower order of animal creation, Mr. Bowen and the Jmi/pendml are 
to journalism, and anything calculated to warn the public of (he pres- 
ence of the offensive animal we consider of essentia! value. The recent 
articles showing the true character of the Indtpendent and Mr.- Bowen 
have attracted a great deal of atlention. not only outside but inside the 
Independent Q&Qe" — ^trocasiH, vol. i., p. 106. 
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Dr. Hail is so egotistical that he supposed a word 
from him would crush this journal, but the Independent 
is more powerful to-day than when he made his assault. 

Substantialism has wonderful powers of appropria- 
tion. A " substantialist " can claim that anything he 
chooses belongs to " substantialism." Seeing that the 
"new theologj' " is considerably older than "substan- 
tiahsm," one would suppose it would escape the latter's 
drag-net. But not so. In the midst of a long article 
on the subject, Rev. J. I. Swander exclaims: 

" Look out, therefore, hretliren, leal by a similar Yankee trick the 
' Problem of Human Life ' should be burglarized for the purpose of 
robbing its immort^ author of the glory which, under Cud, belongs to 
A. Wilford Hal!. Some men will not advocate a newly-discovered 
principle of science until its leaven has begun to work in the public 
meal, and not even then unless they can see a chance to steal (he pro- 
duct of another's brains, and shine in the questionable luster of another 
roan's work." — Siienlific Arena, August, 1886, p. 38. 

Though "substantialism" has such powers of ap- 
propriation, Dr. Hall quickly resents any failure lo 
give full credit to himself. See his sharp rebuke to 
Dr. Jacob Redding in the Sdeitiijic Arena for October, 
1886. 

I once heard an anecdote of an insane man whose 
hallucination led him to claim as his own personal 
property everything that pleased him. He was taken 
to the theater, but nothing on the stage seemed to 
interest him at all. At last there was some artificial 
huBder behind the scenes. Instantly his whole man- 
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ner changed, and he sprang to his feet, exclaiming, 
" That 's my thunder!" 

The "substantiaiists" can claim anything; but Dr. 
Hall does not allow anyone to steal his thunder. 

The Doctor's vanity is astounding, and he takes the. 
adulation of his followers as a matter of course, H& 
has kept a column for such obsequiousness, headed 
"Kind Words never Die." The adulation at times 
approaches worship. His personality has utterlj! 
crushed out independence of thought among his foIJ 
lowers. It never occurs to one of them to question o^ 
dispute anything he says. 

At times the Doctor's vanity takes a comical turn. 
For example: A minister had, in a Thanksgiving ser» 
mon, made several references to Dr. Hall as one of thq 
things for which we should be thankful. The Doctt^ 
quotes a long extract, in which he italicizes all the pet? 
sonal references, and nothing else. See Microcosntf 
Vol. II,, pp. 206-7. 

His admirers are all the time telling him of hL* 
" growing influence. " I notice that the circulation o? 
tlic Microcosm, at the end of its first year (or, rather, 
nine months), is stated at 50,000 copies (p. 357). The 
ScuHtijk Arena succeeded this paper, and its circulatioi 
at the end of its first year, is given as 15,000 (June,; 
1886, p. 9). 

When evidence becomes as substantial as this, 
"substantiaiists" do not believe in it. Besides, thfli 



INTRODUCTION. XXvii, 

idiom of our language allows us to say "growing" 
larger or " growing " smaller. 

Just occasionally a " substantialist " gets a glimpse 
of the true state of affairs. Rev. J. I, Swander says: 

" II is feared that his [Dr. Hall's] reccnlly projected hypotheses 
are nothing more than the beautiful dreams floating in the transient ex- 
vberance of chimerical speculation ; that the new philosophy, around 
which so many hopes arc clustered, will prove to be but an ' ill-guided 
bark, well built and tail, for angry waves to cast on desert shore.' The 
writer of this article is of the opinion that there is no occasion for 
any such gloomy forebodings." — Microcosm, A'ol. II,, p. 167. 

The writings of Dr. Hall and his admirers are ex- 
ceedingly intolerant in tone. The spirit in which 
" The Problem of Human Life " is written is abomina- 
ble. Eliminate the abuse, and the volume would 
shrink to about one-half its present size. If the insin- 
uations of dishonesty would then evaporate, and if the 
arguments should appear once, and but once, according 
to some logical arrangement, the book could be easily 
carried in the pocket. 

When Dr. Hall was a young man, he was very fond 
of disputes on religion. At this time such disputes 
were almost universally bitter, often really dishonest. 
And this was true whether the discussion was between 
believers and unbelievers, or between persons of differ- 
ent denominations. Since that time the world has 
learned more of the spirit of Christ, and men are 
more tolerant of views differing from their own, if . 
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honestly held. The Doctor has resided many years in 
the metropolis of our country where many waves of 
thought meet and mingle. The spirit of Charity has 
been everywhere in the air, but he heard not her voice. 
He was in it, but not of it, and would, if he could, re- 
vive the spirit of other days. 
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" O, wad some power the giftie gie us, 

To see oursel's as others see us ! 

It wad frae monie a blunder free us, 

And foohsh notion.'* — Bums. 

In former ages Light, Heat, etc. , were looked upon 
as substantial entities — a. corpuscular theory for each. 
Dr. Hall does not champion new theories, but is trying to 
revive theories that the rest of the world has discarded. 
This fact is most carefully concealed by ** substantial- 
ists '* in all theif writings. They heap abuse upon ''so- 
called " scientists for never having been able to originate 
such a simple conception as that Heat, for example, is 
a substance. Their sentences are always so constructed 
as to leave the impression that **substantialism** gave 
this thought to the world within the last decade of 
years. 

The fact is that this was the general opinion con- 
cerning the nature of Heat hundreds of years before 
Dr. Hall was born. An indefinite theory that **Heat 
is a mode of motion *' can be found in the writings of 
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the philosophers of all ages, but this was not the pre. 
vailing view. The generally accepted belief was that 
" Heat is substance or matter" — a substantial or mate- 
rial theory. Thus Prof. Tyndall says : 

Why should heat be generated hy mechanical action, and what 
is the real nature of the agent thus generated P Two rival theories ha.Te 
been offered in answer to the^e questions. Till very latelji, howeverr 
one of these — ^the pinterial- — had the greater number of adherents, beinfs 
opposed by very few eminent men. Within certain limits this theory 
involved conceptions of a very simple kind, and this simplicity sei 
its general acceptance. The material theory suppoEes heat to be a kind 
of matter — a subtile Suid — slorcd up in the inter'atomic space* c 
bodies. — Beat as a Medt of Motion, p. 37. 

This book Dr. Hall has read, for he quotes from it, 
but I can not recall that he has ever quoted the passage 
I have just referred to, or the following: 



his Hand-book of Chemi* 
' our bodi«f 



The 1 iborioQS Omelin, for exai 
try, defines heat to be that snbstE 

causes the sensation of warmth, and its egress the sensation of col 
He also speaks of heat combining' wilh bodies as one ponderable su 
stance does with another. And many other chemists treat the subje 
from the same point of view. ^Ibid., p. j8. 

Prof. Tyndall discusses this view at some lengthi 
When a substantia list, however, refers to a late s 
entific book, he quotes only its definition that " Heal 
is a mode of motion," and, by omitting its statemeni 
that the prevailing view at one time was that "Heat ia 
a substance," leaves the impression that scientific men 
always thought that " Heat is a mode of motion," thai 
no one of them ever had any other conception. Fo< 
example, Rev. F. Hamlin, D, D., says: 



e great n 



les stand associated with the " 
nsidered heat to be " a conditi 
um Orgartum. declares that " heat it< 
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self, lis essence and quiddity, is molion^motian and nothing else." 
Rumford said, in 17S9, " It appears to me extremely difficnlt, if not 
quite impossible, to for:n any distinct idea of anything capable of being 
excited and communicated as heat is, except motioo." Davy defines 
heat as "a peculiar motion," and in his "Chemical Philosophy" tells 
us that " the laws of its communication are precisely the same as the 
laws of the communicalion of motion." Locke, later on,* insists that 
" what in our sensation is heat, in the object Is nothing hut motion." 
And John Tyndall, in his " Heat as a Mode of Motion " (a work which 
has placed him in the front rank of " so-ialkd" scientific expounders), 
holds the same view. Now, on the principle that every effect must 
have a cause, let us esa^gine this ^p.e&Xa'a.-^SdeiiHjic Arena, November, 



As we sec. Rev. Mr. Hamlin had read Prof. Tyn- 
dall's " Heat as a Mode of Motion," but he so words 
his reference to it as to leave the impression that Prof. 
Tyndall had never known of any one holding the view 
that "Heat is a substance," and did not have the orig- 
inality to conceive of such a thought himself The 
minister of religion has a holy cause, let him not stoop 
to misrepresentation; yet, let this excuse be offered for 
Rev. Mr. Hamlin, he has but followed the code that 
most " substantial is ts " recognize as proper in discus- 
sion. A touch of candor in their writings is like an 
oasis in a desert. 

Dr. Hall says emphatically that philosophers have 
never been able to grasp the thought that magnetism 
may be a substance. For example : 

Philosophers have been fearfully puiilcd and agitated over these 
problems, and, though utterly unsatisfied with the meaningless fihraic, 
"mode of motion," they have still dung to it as better than nothing, 
either not daring to strike out into a radical departure that would mean 
something real, or else not knowing what kind of a departure would 
best help them out of the difficulty. They have seen, for example, that 
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magnetism would draw n bar of iron from a distance toward the poles 
of the magiiet, snd tliat it would llius act evEQ tlirougli tlie mast im- 
pervious of bodies, such as sheets of glass, as if notblng intervened. 
But they could not grasp the conception that this magnetic force was a 
leal substance of some kind, because to theui the insuperable difficulty 
of aoy kind of substance passing; through glass as if il were not pres- 
ent, stood in the way. Hence, foUowitig those who have preceded 
them in'such investigations, and chained to the text'books on the sub- 
ject, they contented themselves with supposing it (o be one of the mys- 
terious forces of nature, and continued to view it under the general 
idea of some sort of wwot o/" melinn.—Aficrocosm, Vol. II., p. 52. 

I turn to a Philosophy (third edition), published in 
1838 by Prof. Denison Olmstead, of Yale College. It 
gives this formal definition of magnetism, and then dis- 
cusses it: 

The phenomena of magnetism are explained on Ihe hypothesis of 
two fluids, residing naturally in iron and all feruginous bodies, which, 
when united, neutralize each other's effects, bnt which, when separated, 
exhibit the respective eSi:cts of boreal and austral magnetism." — Vol. 

In this same article in The Microcosm Dr. Hall says 
that this theory concerning the nature of electricity — 
that it is a substance — is new. Prof Olmsted says on 
this subject; 

There are some reasons derived from analogy for believing in 
existence of an electric fluid. (I.) Tht reaions in fiaior of aipposaig 
that light and hial are caused by the agency of peculiar Jitdds (argum< — "^ 
however, that we can not discuss bere), vihich have induced a ga 
belief, are for the most part equally applicable to electricity, (a.) ttt 
the present state of our knowledge, the most suhtile of dU fluidsj 
deed the most attenuated form of matter, is hydrogen gas, of which c 
hundred cubic inches weigh only two and a quarter grains, which JK 
nearly fourteen limes lighter than common air. But, at no distant 
period, means had not been devised by mankind for proving the n 
tialily of cominoa air, nor even of identifying the existence of othef. 
gases, which now bear so conspicuous a part in experimental philosophy. 
But, as knowledge and experiniental researches have advanced, a s 
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of fluids still more subtile than air have cc 
reached a body nearl;^ fourteen times ligl 
present, the series stops. 

Ts it probable, however, 
ation precisely where, for wa 
refined and powerful organs of sensation, our melhods of investigation 
and powers of discrimination come to Iheir limit ? An investigation of 
the general analogies of nature will lead us to think otherwise. The 
subordination which exists among the difierent classes of bodies that 
compose the other departments of nature is endless, or, at least, in- 
definite. In the animal creation, for example, beginning with the 
mammoth or elephant we descend, through numerous tribes, to the in- 
sect which is barely visible in the sunbeam. Before human ingenuity 
had devised means of aiding the powers of vLsioo, the naturalist might 
have fixed this as the limit of animal creation. But the invention of 
the microscope has carried the range of human vision immeasurably 
fanhcr, and, at each successive improvement in that instrument, new 
tribes of insects or animalcules have been revealed to Ihe eye, still 
more and more attenuated. A similar .suborJination might be found 

in the vegetable kingdou, iad in the or^nnic :itructuri: of both animals 
and vegetables. 

To apply this analogy to the case before us, 
o ganic bodies with platinum, and descend thro 
diminishing in density, until we come to ether, the li 
and on the confines which are invisible to the eye, ant 
by the effects which thiy produce. By modern discoveries the series 
has been extended lo hydrogen, a body two hundred and forty-seven 
times lighter than platinum. 

Mere, for the present, we pause, standing, in the same relation with 
respect to any fluids that may lie beyond that the ancients stood with 
respect to common air. Considerations of this kind lead ns to believe 
that there are, in nature, fluids more subtile than hydrogen, and, such 
being the fact, we can hardly resist the belief that Afoi, light and elec- 
tricity are bodies of this class— bodies which make themselves known 
lo us by the most palpable and energetic effects, although their own 
constitution is too subtile and refined for our organs lo recognise, or 
our instruments to identify them as material. — Ilnd,, pp. I45-6. 

This article anticipates almost everything that has 
been said by Dr. Hall on the nature of electricity, and 
also on the question of ''Attenuation." If read to a 
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" substantialist," he would indorse it until he found it 
waswritten almosthalf acentury ago. Prof. Olmstead's 
book is still widely used in colleges, but all these views 
as to the nature of heat, light, electricity and mag- 
netism are abandoned in the later editions. They 
would not stand the test of experiment. But Dr. Hall 
and his friends have taken up and vehemently advocate 
these views so discarded, and do not trouble themselves 
about any experiments. The belief that electricity is 
a substance has been abandoned ; the tendency is 
toward looking upon it as a vibration, but no leading 
text-book that I know of commits itself to any view. 
Prof. Avery, who is about as definite as any, says: 

But little is known concerning Ihe real nature of electcicily. It is 
eiaiet to tell what electricity can do than what it is. The majority of 
modern physicistE consider that electricity is a form of energy produc- 
ing peculiar phenomena ; that it may be converted into other forms of 
energy, and that all other forms of energy may be converted into it. 
It is believed that electricity is a form of molecular motion, but this 
belief rests upon analogy rather than demonstration. Several theories 
have been advanced to account for electrical phenomena, but none of 
them is satisfactory. — Eiements of Natural Philgsnphy, p. 192. 

But we can not talk about a science without a no- 
menclature, and, generally, we can not have a nomen- 
clature without a theory upon which to found it, and 
especially is this true in electricity. So, the books 
generally give a provisional theory for the sake of the 
nomenclature, generally called a "working hypothesis," 
and such a theory Prof. Avery gives. But concerning 
this he says, in his "Teacher's Hand-book" to accom- 
pany his Philosophy : 

The author simply prefers these theories to others with which he is 
^^. familiar, he has no inciination in his own classes to insist upon them. 
^^LHis pupils understand that he holds them simply as hypotheses, scien- 



lilic guesses, provisionally enterlained for purposes of mere roitvemcrui, 
md ihal each of them has an equal right to make or adopt another, 
iDd to get others to do so if he can. — Hand-book, p. 73. 

There is a striking contrast between the canditj, 
charitable tone of an article written by a true scientist 
and the fierce, dogmatic tone of one written by a 
" substantial ist. " 

The corpusctilar theory of light is so well known 
that Dr. Hal! and his admirers admit that they, in this 
case, did not originate their own theory, but that it is 
an abandoned theory revived. 

I do not know that Dr. Hall ever claims that the 
theory of the dual nature of man — that he has a 
corporeal and an incorporeal body — originated with him- 
self, but his references to that theory almost assume it 
if they do not assert it. For illustration, he says : 

When I first undertook the eiaminatioti and review of Evolutian, 
as taught in (he writings of Darwin, Huxley and Haeckel, it became 
evident at a glance that the key to its overthrow lay in a single fuu'Ia- 
menial biological and psychological fact or law of nature, which had 
been totally overlooked by writers against the theory as well as for it, 
and Ihat this oversight was the true cause of the failure to break 
tkrough and satisfactorily explain the leading classes of arguments and 
fccts relied upon in support of Evolution. This fundamental law of 
nature, susceptible of the cleare?t scientific demonstration, as shown in 
the eighth, ninth and tenth chapters, is that every animate being, in- 
eluding man, is a dual organism or double entity, the outer or physical 
itiuclure being the visible half, while the incorporeal, though invisible 
inj intangible, constitutes the other half, the one being the exact 
coanterpart of the other. — p. 48. 

His references to this theory always have this tone. 
Tiie fact is, this theory is of German origin, though 
traces of it may be found in early Greek writings. It 
has been current in Germany quite a number of years, 
and has occasionally floated to our shores. Rev. Joseph 



"evolution of sound" evolved. 

I Cook delivered a lecture on this theory (though in a 
I different nomenclature) in Boston, Dec. 35, 1876. He 
I says he got it from the German, and, among the prom- 
inent men who advocate it, he names Prof Helm- 
holtz. The title of the lecture is, " Ulrici on the 
Spiritual Body," and it is reprinted in the volume of 

I lectures entitled " Biology." 
Dr. Hall emphatically states that a corpuscular the- 
ory of sound was unthought of among scientific men 
before it was advocated by himself On this ground he 
thinks astronomers have done right in ignoring those 
who argue so strenuously in favor of the theory that 
the earth is flat, but says that physicists are not to be 
excused for ignoring his doctrine concerning the nature 
of sound, for it is new. 

But, unlike ihe crusade of Mr. Hampton, we think we have jusl 
ground of compiaint at ibis silent iuditferiince on the part of eminEut 
inveatiga.tOTs, since our facts, positions and arguments, whether coirect 
or not, including the theory of ■' substantial ism " growing out of them, 
were ^lUirtly new la Ihe world witen first announced some seviii or eight years 
ago. 

They were not an exploded doctrine of centuries gone by, that had 
passed the ordeal of the most scrutiniiing investigation and then been, 
abandoned, nor had they been a represented theory, with the same 
stereotyped arguments slightly modified. Had we no better claims 
" Ihnii this zeletic theory to a hearing, we would never think of blaming 
a scientist who had anything else in the world to occupy his time, for 
not giving the slightest heed to any such rehash of a long exploded 
theory." — SiieiHfic Arena, August, 1886, p. 42. 

»Yet the fact is, the "corpuscular" theory of 
Bound is older than the " wave " theory. Men at first 
thought that sound was a substance, that it was analo- 
gous to odor — the very same analogy that Dr. Hall i.s 
now advocating. On this subject Nicholson's Encyclo- 
Lpaedia, published in 1818, says: 



la the iiifancy of pbilosopby, sound was held to be 3. separate ex- 
istence — it was conceived to be wafted through Che air to our organs of 
hearing, which il was supposed to aHect in a mantttr resembUHg thnt m 
wUci eur neilriis are affaird when they grue ui lit smsation of smell. Vet, 
even in those early years of science, there were some, and, in particular, 
the celebrated founder of the Stoic school, who held that sound, that 
is, the cause of sound, was only the parlicular motion of external gross 
matter, propagated to the ear, and there thai agitation of the organ, by 
which the soul is immediately affected with the sensation of sound," — 
Art. Acaiatics. 

It was natural that men, in the childhood of the 
human race, should look upon heat, light, sound, etc., 
as substances — the simplest of all conceptions. And, 
Dr. Hall, not deigning to profit by the experience and 
observations of men in all ages past, begins his philos- 
ophy just where humanity did, and thinks that all these 
thiogs are substances, and if he should live two thou- 
sand years he will be just where humanity is and think 
they are "modes of motion." 

But a book appeared in England a few years ago 
that is interesting in this connection. It is entitled, 
"An Elementary Hand-book of Physics," by William 
Rossiter. F. C. S., etc., published by William Black- 
wood & Sons, Edinburgh and London. The dedication 
of this work is dated November, [870. The preface 
to Dr. Hall's book is dated June 1, 1877. The para- 
graph to which I refer in this EngUsh work has this 
heading, "Nature of Sound." The title that Dr. Hall 
gives his monograph is " The Nature of Sound." 

It is easy to see that the corpuscular theory of 
sound which Prof Rossiter is considering is not the 
same theory that Dr. Hall advocates, but the difference 
is slight. Prof Rossiter says ; 
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To show that sound is this alternate comptession and expansion of 
e spherical sbclts of air (suppositig air to be the medium), and 
not a coQliouttl movement forward of any pari nf it, several illustra- 
tions musl be given. Thus, lo shuw that sound, like heat and light, is 
a ttansCer of motion, and not of matter, it might be enough lo point 
out the many paraJlels in heat, light and electricity, the eiceeding 
prDbabilitf that sound is a phenomenon of like nature, and the abieDce 
of any facts to suggest any olber theory. 

Watching the tide rising or falling on the coast, it is difEcull to 

realize that the waves are bu! the risings and fallings of the water, and 

not the transfer of some definite quanlity of water from far off to the 

land. But careful notice of floating objects, such as pieces of wood, 

^boltles, etc., shows thai the water does but rise and fall. In the same 

ray the passing of a brisk breeie over a field of corn illustrates the 

inafer of motion, but not of matter, very beautifully and completely. 

, however, this difference, that in the transfer of heai, light, 

c, the original impuLse is given to the first wave only, and 

nsmilted from wave to wave, while the wind Ihal passes over a field 

orn acts directly as well as mediately upon each stalk. But it is 

Itill certain that, however much appearances may suggest the idea of 

ftti utual transrer of matter across the field, it is but a transfftr of 
motion, each part rising and falling in succession. 

But it would be absurd to urge that sound is probably a vibration 
because heat and light are supposed lo be vibrations, and that heat is 
supposed to be so because sound and light are, and, finally, thai light 
ii such because sound and beat arc |irobably the same. It is necessary 
to prove the probability, if not the certainly, in one case at least, when 
we might be permitted to urge analogy as a reason, or to adduce satis- 
factory rensons in each case separately. 

In Ihe case of sound, it may be pointed out that the conditions of 
increased veloc.ty and inlensily are such as might be expected to obtain 
if the theory of vibrations were true, but are not such as fit a theory of 
emissions. Thus a sound is conveyed more rapidly through water Ihan 
through air, and stili more rapidly Ihroiigb iron, which could scarcely 
he the case if actual transfer of matter were required. Again, the in- 
lensily of a sound is increased by commencing in a dense atmosphere, 
which would retard rather than increase the force of matter actually in 
|»namission. Also, any number of persons at the same distance from 
ce of sound hear it with equal intensity, whatever be their 
provided no obstacle inlervei.e. This is what would be ei- 
Jcted if sound be considered to be a vibration, but is not explicable 



upon the assumption thai sound is an actual transfer of matter. Sounds 
travel many miles, and tiie siie of a sphere, the radius of which is 
several miles, renders it scarcely possible that particles of matter pro- 
ceeding from a central point .could diverge so regularly as to form a 
spherical shell so large, or that particles so numerous could start from 
one point with such regularity as to form an unbroken shell of con- 
stantly increasing size. 

We know that sound proceeds in all directions from its source, and 
that in the largest theater or church it never has been noticed that any 
two persons could tear while a third between them could not, unless, 
indeed, some obstacle intervened. 

Tlien if it be imagined that sound is actnaDy a transfer ol matter, 
the questiou must occur, What is it that is transferred? I ring a bell 
in the middle of an empty room, so there are preset. t hut the bell and 
the air. Any hypothesis that the blow of the hammer upon the bell 
sent particles of the bell itself flying thrtAjgh space is scarcely worth 
discussion, especially when it is considered that the directions of sound 
seem in all cases to be quite independent of the law of gravitation, 
proceeding in unerring straight lines in every direction. And it seems 
almost as incredible that the particles of air in immediate contact with 

Ihe bell should be set in motion for an indelinile distance through an 
atmosphere exactly like them.selves in every respect. 

Lastly, there is the fact that any number of particles, however 
great may be the numlier, is not indetiuitely great, and cao oot (ill up 
a constantly increasing space. Thus a slight stroke of a clapper upon 
a fael! displaces a certain amount of air. This is made up of a certain 
definite number of particles of oxygen and of nitrogen. Assume these 
to be set in continuous motion, and not to be impeded in any way. 
By [he surrounding atmosphere tbey could not increase in size, and so 
must separate, radiating from a common centrr, in a limited number of 
straight lines. These lines would diverge more anil more from each 
other, so that only persons whose ears happened to be in the direction 
of one or other of them would have any perception of sound conveyed 
lo them, while those between would be totally unaffected. 

So that if a bell were rung in a large room, having a row of men 
(landing ranged around against the wall, only one of every eight, ten 
or twenty, according to the size of the room, would hear it, while if 
the bell were slowly turned round while being struck, the sound would 
pass to each man in turn. Just as if a lantern, having but a few holes 
in its sides, were turned round and round, when the light-rays wouk' 
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pass over each man in successioo, and each woulil m successioa be brst 
til up and then in darkness. 

Thecefote it seems very improbable, if not impossible, that sound 
uan be either an emission of particles of matter, or the iransmission of 
a ftw particles of air, while the theory of a transfer of vibration oot 
only accounts for all the facts, but is in accordance with the calcula- 
tions made upon data that force is indestructible and truisferable. — 
PP- 33-4- 

In reading the above, one can scarcely resist the 
impression that it was written in direct reply to Dr. 
Hall; it meets his arguments so perfectly. But this 
can not be ; it was published several years before Dr. 
Hall's book appeared. If Prof. Rossiter had possessed 
Dr. Hall's volubility, he would have expanded that ar- 
ticle into a volume. 

If a man wants to believe and advocate theories 
that the rest of the world has outgrown, he certainly has 
the right to do so ; but he should not try to palm them 
off as something new. 

"Substantialism " is very old. In 1871 President 
Porter, of Yale College, said : 

Democrilus was the first avowed malfrialist, resolving all the differ- 
ent kinds of being, with their phenomena, into comhinatioiis of atoms, 
\ differing in aize and shape. He taught thai iJie sdu! digin from ike bedy 
by being cotnfcud ef finer fartklcs. All sense- perceptions are occa»ioned 
by conlact. In modern phrase, he resolved all t he sensefl into the 
sen se of touch. . . . From Demoeritus, Epicurus borrowed the 
- notion of effluxis, simulucra rtnaii, which he conceived in its grossest 

form, vii. ; that they ' ' are Uie piUieles flying eg /mm eijtcts, and tliat llusi 

Imaffn'al likenesxest diffusing Oternselvts everyiuhfre^' in t/ie air, are pn^a- 
^kd to the ptriepthie organs.— EJtmmts of hitfUeitaal Science, p. 191. 
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Truthfully can Dr. Hail and his admirers sing — 

" We think the same thoughts, we dream the same dreami, 
We are the same that our fathers have been." 

Clakbncb. 



CHAPTER II. 

THE PROPAGATION OF SOUND. 

Suppose we have a rod three hundred feet long, 
perfectly straight, absolutely inflexible and incompress- 
ible, and resting in a groove. 

A heavy iron mass, moving at the rate of five feet 
per second, strikes firmly against the end. How long 
will it take the shock to reach the other end ? 

Every thinking man will instantly answer: **To 
solve the problem so much data is not necessary. The 
disturbance will reach the other end instantaneously, 
whatever may be the length of the rod or the velocity 
of the impetus.'* 

We change the conditions of the problem by sub- 
stituting for the incompressible rod a coil or helix of 
wire. Now, how long will it take the movement to 
reach the other end? Our philosopher replies: **I 
can not tell exactly how long, but it will be some ap- 
preciable time. The mass of the coil has inertia which 
resists change of place of its particles. The consequence 
is that the end of the coil which receives the impulse is 
compressed, while the remainder of the helix is un- 

»3 
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changed. But this leaves the coil with its forces i 
balanced, and the wave of the compression runs aloq 
the coil until it reaches the other end." 

I have seen a coil of wire six or eight feet long wit 
one end fastened to a box. the other to be held in I 
hand. Jf, with a pair of pinchers, one compressed 
short section of the coil near the hand, and then i 
leased it, a wave would be seen to run along the heUj 
and strike the box, then be reflected to the hand. Thi 
would be repeated three or four times. It would b( 
felt as a jarring of the hand, and be heard as a shai] 
click against the box. 

The rapidity with which the impulse travels forwan 
depends on two things : 

1. The elastic strength of the spring. 

2. The weight of the spring. 
We see these principles illustrated in any spring ol 

any kind. Suppose we have a long, slender steel rod 
firmly clasped at one end in a vise, the other end being; 
free. If the free end be drawn to one side and then 
released, the vibrations are rapid. Why? Because the 
moving force (the elasticity of the spring) is great, and 
the work to be done (moving the weight of the spring) 
is small. Now attach a pnund weight to the free end 
of the spring and again let it go. The vibrations are 
slower. Why ? Because the moving force (the elas- 
ticity of the same spring) is the same and the work to 
be done (moving weight of the spring plus one pound] 
is greater; therefore it takes more time. This if 
principle of "loading" tuning-forks and tuning organ 
reeds. 

If a lead rod be substituted for the spring, the 
motion will be very slight, its weight being great ana 



the elasticity weak. So the velocity of the wave ia 
the coii will vary with these two conditions. 

In the case of the incompressible rod, while the 
transference of tlie motion was instantaneous, each indi- 
vidual ^flrrtir/f of the rod moved with the sanu velocity as 
the colliding body. 

In the case of the coil it is a more dificult matter to 
say just what the velocity of the individual particle is. 

Just here is where Dr. Hall mistakes the nature of 
the question at issue. He insists that the prong of a 
tuning-fork can not send off waves of air having a ve- 
locity of over one thousand feet per second, while the 
prong itself has a velocity of only a few inches in the 
same time. 

We have seen that a body having a velocity of only 
an inch an hour might give a shock that would move 
forward at the rate of a thousand miles an hour, or 
even faster, in.stantaneously, while each individual par- 
ticle of the rod would have a velocity of only an inch 
an hour. 

Yet he says : 

"The velocity of such waves can not, by any possibility, exceed 
the velocity of the moving prong which impels them."^p. go. 

If not, why not? 

The Doctor has an axiom he applies to all such 
problems, and it instantly solves them. His axiom 
may be stated something like this: no body can give 
to another a swifter motion than it itself possesses. 

Now, that is a common sense statement and should 
be applied in a common sense way. 

If Dr. Hall were asked to apply it to the first case 
we have assumed, this would be his way. He first recites 
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his axiom in a declamatory, indeed dramatic style. Then 
he says : It is the simplest of problems. A tyro in mathe- 
matics, a boy from the common schools can instantly 
solve it. It will take just as many seconds as the ve- 
locity in feet per second is contained in the whole dis- 
tance expressed in feet ; that is, 300 divided by 5 equals 
60 seconds, or just one minute! Though the books do 
not state it in so many words, yet the implication is 
that the shock is transferred instantaneously ! ! As 
though any body could communicate a swifter motion 
than it itself possesses ! ! ! And nothing but the fatal 
delusions of a preconceived theory could ever have led 
to such a blunder ! ! ! ! * 

Though the analogue of the hypothetical case of 
the incompressible rod does not occur in Dr. Hall's 
book, yet the case of the helix is closely similar to the 
propagation of sound. 

To see this clearly, let us look at it for a few minutes. 

We will first define some terms as used by physi- 
cists. 

Compressibihty is that property of matter by virtue 
of which a body may be reduced in size. 

Elasticity is that property of matter by virtue of 
which bodies resume their original form or size when 
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that form or size has been changed by any external 
force. 

A glass ball is only slightly compressible, but it is 
very elastic, for, if allowed to fall on a heavy glass 
plate, it will rebound almost to the height from which 
it fell. Its elastic force is great, for it requires consid- 
erable force to distort it. 

A rubber ball is very compressible, and also very 
elastic. Its elastic force, however, is weak. 

A mud ball is equally compressible, but it is only 
very slightly elastic. 

A steel rod is only slightly compressible, but it is 
very elastic. 

Water is also only slightly compressible, but it is 
very elastic — that is, it regains its former volume in- 
stantly when the pres'^ure is removed. 

Air is very compressible, and it is equally elastic. 

Suppose the adjacent prongs of two tuning-forks to 
be firmly connected by a steel rod. Were the bar per- 
fectly incompressible, any motion of one prong would 
be conveyed to the other instantly. But the bar is 
slightly compressible ; hence a moment of time will be 
taken in its transmission. 

If water could be enclosed in a tube, and thus made 
to form the connection, the transmission of the move- 
ment would not be instantaneous, for water is also 
slightly compressible. 

If two tuning-forks be immersed in water we have 
^his arrangement, the enclosing tube being the sur- 
rounding water, whose effect is to allow the wave of 
«::ompression to spread, and thus to become of smaller 
amplitude, yet to travel with the same velocity; just as 
the circling wavelets, when a stone is thrown into the 
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water, become of smaller amplitudr. yet their velocity 
does not diminish. 

If the forks be immersed in air we have a similar 
case, except that air docs not resist compression as 
vigorously as water, hence the velocity of the transfer- 
ence will be slower. 

And we accordingly find that water conducts sound 
more rapidly than air does. 

Remembering these principles, wo can make toler- 
ably good forecast as to the rate at which various sub- ' 
stances will conduct sound. I 

We must remember, however, in making such fore- 
casts, that density as well as elasticity is involved. 

A given force can not move a heavy body as fast as 
it can a light one ; hence, considering the elasticity of 
all gases to be the same, the velocity of sound will be 
swifter in the lighter gas. And this anticipation, we 
find by experiment, is correct. 

In the light of these principles, a table of the ve- 
locity of sound in various media appears quite reason- , 
able. 

I do not mean to say there arc no difficulties in the 
minuti^ of the argument. But to be able to make some 
forecasts is better than to be unable to make any. On 
Dr. Hall's theory no one can make any forecasts what- 
ever. Indeed, the velocity of sound in various sub- 
stances appears so unreasonable as to cast grave doubts 
on his theory. Is it not astonishing that a vibrating 
bell can throw particles of itself sixteen times as fast 
through iron as through air? And our astonishment 
becomes greater when we consider Dr. Hall's statement 
that sound is of a nature similar to odor. Has it never 
occurred to him that all liquids and solids appear to be 




almost, if not altogether, non-conductors of odor, but 
are the best conductors of sound? We would scarcely 
expect odor, a substantial emission, as all admit that 
it is, to make its way through these substances. 

Tf the metal coil we have mentioned be heated, it 
has less elastic force, and the wave through it will 
t travel more slowly, for the helix acts more sluggishly. 
If steam be heated, it offers more resistance to com- 
pression, and air acts in the same way; therefore if, in 
the case we have assumed, the air in the tube be heated, 
it offers more resistance to compression, consequently 
acts more vigorously, and the wave travels more rapidly. 
Thus we see the probable reason why sound travels the 
more rapidly the warmer the air. 

As I have said, I do not claim that all the details of 
sound conduction can be explained. The true scientist 
is not ashamed to say: " I do not know." Some of 
the most essential points in his theory (as, for instance, 
the generation and conduction of corpuscles) the Doctor 
passes by with the recurring formula that it is done 
"according to laws peculiar to themselves, but not un- 
derstood." 

When a man asks so much indulgence for his own 
theory, he should not refuse even the least to others. 

Dr. Hall says : 



IS and conden 
i except by Ihi se 



" There is no way of crealLng alternate n 
tions in ihe same mass of air every time a wav 
air-patticles travelmg baek and forth ihe entire distance fron. 
trndtitsaHon, and viit versa, as Ihe two change places." — p. 140. (Ital- 

A great deal of Dr, Hall's argument is based on 
that statement. And what a foundation ! Is a body , 
not condensed until it is condensed one-half? If 1 
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volumes be compressed to 999, is that not a condensa- 
tion ? Or must it be reduced to 500 volumes before we 
can say it is condensed ? The amplitude measures the 
distance that a particle in a wave moves. The ampli- 
tude may be small, while the wave-length is great.* 

This we shall see, on incontestible proof, is as true 
of transverse ** water-waves " as of longitudinal "air- 
waves." 

A tuning-fork of the pitch of middle C has a wave- 
length of about four feet, yet, even if there were no 
lost motion immediately at the fork, the amplitude of 
the air-wave could be little, if any, greater than the 
amplitude of the fork in its swing. 

Physicists have always taught that the transference 
of sound causes but a minute quivering of the air. 
Take, for example, these words from Prof. Olmstead's 
"College Philosophy": 
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In water-waves we distinguish between the wave and the motion 
which forms the wave. So here, the wave-motion is totally different 
from the motion of the air itself. The wave, 1. e., the state of conden- 
sation and subsequent rarefaction, travels swiftly forward, but the 
masses of air, which suffer these condensations and rarefactions, simply 
tremble in the line of that motion." — p. 187. 

Prof Helmholtz, reviewing Lord Rayleigh's theory 
of sound, says : 

*'The mechanical principles o{ mintite oscillations are contained in 
the present volume and are developed in a greater generality than in 
any other book known to me." — Nature^ Vol. XVII., p. 237. 

^ It is not necessary to discuss this phase of the subject in relation to various 
media. But even on this subject others reason differently from Dr. Hall. Thus, 
Prof. Dolbcar, of telephonic fame, in discussing his instrument, says: '* The ve* 
locity of sound in iron is about sixteen times greater than it is in air, and conse- 
quently the sound wave which is one foot in length in air would be about sixteen 
feet long in iron, while the amplitude of motion of the molecules would be as much 
smaller as its relative density is greater, that is, the actual displacement of the 
molecules must be as many times less in air when the energy of motion is the 
same." — Scientific American Supplement^ Nov. aa, 1879. 
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And it is said in Ganot's 

Physics " : 



' Elementary Treatise on 



on which is required for (he production 
Lord Rayleigh delermitied it in the 
case of waves due la a pipe which sounded the Hole F, and which 
could be heard at a distance of Szo meters. He found that the ampli- 
tude of the oscillation of these waves could not be greater than the 
one ten-millionth of a millimeter. "—p. 207. [A millimeter is about 
the one Iwenty-fifth of an inch.) 

To talk about the amplitude of sound being neces- 
sarily great, even, indeed, half the wave-length, is 
ridiculous. 

We have seen that the velocity of a wave of conden- 
sation {or rarefaction, if the piston be pulled backward 
instead of pushed forward) is only indirectly involved 
in the question of how fast the disturbing body moves. 
The fact that a tuning-forlc's prongs do not move as 
fast as the waves of air has been to Dr. Hall an insu- 
perable objection to the accepted theory of sound. He 
has spent all his eloquence of exaggeration, quibbling 
and abuse upon it. But it is really a far greater objec- 
tion to his own theory. The corpuscles in his own 
theory are really nothing but ^'ra/Virft'/i'i, and, of course, 
can not have a greater velocity than the body which 
gave them the push (tuning-fork prong). Can the ball 
move faster than the hand which threw it ? We freely 
grant indulgence on minor points, but this is a too es- 
sential point to be passed over by simply saying it 
occurs "according to a law peculiar to themselves but 
not understood." 

The fact that the velocity of the wave may be great, 
while that of the individual particle is small, relieves j 
" wave theorists " of a great difficulty, The velocil^i 
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of a wave of light in ether is about 186,000 miles per 
second, but the velocity of the particles that beat im- 
mediately upon the retina may be, doubtless is, smalL 
Hence the retina is not injured. 

Dr, Hall's theory requires that an incessant volley 
of pellets having the enormous velocity of 186,000 
miles per second shall be fired against the retina. And 
I believe that the retina would be destroyed, however 
•small the projectiles may be, and we shall see good 
rcawn for thinking that these vague corpuscles have 
some considerable size. Circumstances demand that 
the Doctor make them so. 

Some persons may still insist that the velocity of 
the disturbing body will modify somewhat the velocity 
of the transference of the disturbance, and 1 am not 
sure but that something of this kind occurs in the 
propagation of sound. 

Dr, Hall assumes it as an undisputed fact that all 
sounds, loud and soft, travel with the same velocity. 
The deviation, it is true, is not mentioned in the smaller 
works on physics, but almost all the larger works, and 
Mpecially the technical magazines, mention it. Ganot 
says: 

" For the same reason the lune pUyed by a band is heard >1 ' 
Brcat diilmce without alteration, except in intensity, which could no! 
be Ihc CBKC if some sounds traveled more rapidly than others. 

" Thil can not, however, be admitted as universally true. Eitn* 
thaw, by a mathematical investigation of the laws of the propagatio" 
of lounil, concludes that the velocity of a sound depends ua i^ 
ilrength, and, accordingly, that a violent sound ought to be propigiit^ 
with greater velocity than a gentler one. This conclusion is confii"^ 
by an observation made by Capt. Parry on his Arctic expedition. Di"^ 
\ng artillery practice it was found, by persons stationed at a consid"' 
able distance from the guns, that the report of the cannon was hW^ 
before the command of fire given by the officer. And, more recentlji 
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Mallet made a series al ejiperiments od the velocity with which sound 
is propagBted in rocks, by observing the limes which elapsed before 
blastings, made at Holyhead, were heard at a distance. He found that 
thilaiger the charge of gun-powder, and therefore the louder there- 
port, the more rapid was the transmission. With a charge of 2,txx> 
pounds of gun-powder the velocity was 967 feet in a second, while 
with a charge of I3,cxx> it was l.sio in the same tim«."— p. 187. 

Dr. Hall would probably explain the first experi- 
ment by saying the vocal organs added nothing to the 
atmosphere, while the cannon added an immense vol- 
ume of gas. But this does not explain the phenome- 
non. There was no appreciable movement of the air 
forward, else the observers would have felt a strong 
wind. But, of course, they did not. Besides, the 
voice of tlie officer was stilt in the air when the cannon 
was fired, and if the gases generated in the explosion 
pushed the air along to any appreciable degree they 
also pushed along the sound that the air bore. You 
can not make the hindmost seat of a carriage overtake 
the front one by pushing the vehicle forward. 

In TVftf American fournal of Science for February, 
1S79, Mr. W. W. Jaques gives an account of some 
experiments of his with a cannon. He found that the 
velocity was somewhat swifter the greater the charge ; 
also that the velocity was greater in front of the cannon 
than behind it But the interesting part of the experi- 
ment is this : the time when the sound reached a given 
point was not recorded by ear, but by a series of 
membranes which were shaken in succession by the ad- 
vancing concussion, and this movement was recorded 
by an electrical attachment. 

Dr. Hall says : 

" If they shall not yet be able to ilistinguish between these two 
distinct effects, let them try the experiment of burning a couple of bar- 
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I rels of powder, nnd observing the effect at two separate stalions— dis- 
tant say one and two miles — with suitable iiislruments for recording 
the two arrivals of both the condensed wave and the sound report, and 
I again predict and guarantee that they will have abundant reason for 
abandoning the wave theory of sound by learning, to their amazement, 
that near to the explosion the concusaive shock will outstrip the sound, 
while HI a sufficient distance from it the sound will arrive some seconds 
in advance of the concussion. 

" I have thus ventured this scientific prediction in direct opposi- 
tion to the universally accepted theory o( sound, and in the face of the 
prevailing opinion of scientists in regard to the identity of the sound- 
pulse and the condensed atmospheric wave caused by the explosion. 
IShoald any scientific association consider this prediction of sufficient 
^importance lo waste a barrel or two of powder upon it, let them explode 
! former by eiploding the latter, and should they be successful in 
ing it, no one will feel more gralitied at the result that the writer."— 
"5- 

Now, Dr. Hall wouM say (as the record was not 
■ made by ear) that Mr. Jaques did not record the time 
KWhen the sound reached a given point, but when the 
tconaissioti reached it. Then, according to Dr. Hall's 
■Jihilosophy, this concussion should have shown a stead- 
Pily diminishing velocity. 

Mr. Jaques thus sums up the results of his experi- 
Jinents : 

The experimenl was many times repeated, with the membranes 
interchanged, with different velocities and parts of the chronograph 
cylinder, and with other precautions, tu prevent possible errors, but al- 
ways with the same result. It was found that immediately in the rear 
of the cannon the velocity of sound was less than at a distance, but Chat 
going Juii/ur ami furthir from the cannon, the vtlocity of sound rest to a 
maximum cemidetahly above the ordinary velocity, and then fell gradually lo 
about the velocify usually receiutd. In order to determine whfther the 
first low velocities were due.as was supposeil, to the retarding influence 
of the bodily motion of the air around the cannon, it was pointed at 
right angles to the first position, when it was found that the n 
velocity came nearer to the cannoit." 
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\ As we see, the experiment that Dr. Hall proposed 
was not tried, but in trying the one they did they in- 
cidentally exploded Dr. Hall's prophecy — the concus- 
sion did not have a diminishing velocity. 

These experiments were tried several years ago, but 
no one has taken the trouble to call Dr. Hall's attention 
to them, and, as he says, he will be much ' ' gratified " 
when he reads them. 

He seems to be, however, much given, on all such 
occasions, to relieving his feelings by bursting into a 
symphony of abuse. 

This "condensed air-wave" sometimes produces 
marked effect at a distance of many miles. Mr. Jaques 
has found that it travels at the same rate as sound. 
What is it for, anyhow ? 

Dr. Hall has a great deal to say about the mobilily 
of the atmosphere. It is the key to every difficulty. 

He declares that when tlie tuning-fork's prong moves 
forward, that the air in front simply moves around be- 
hind, and no push is given to the atmosphere. 

Well, why should the air so move around behind? 
It undoubtedly does move around, but it is because it 
meets with resistance in front— the resistance of other 
air particles, Dr. Hall speaks almost as though the 
particles moved arourid of intelligent, voluntary, even 
perverse choice. The particle of air only followed 
"the line of least resistance." And before it moved 
around it gave a push to the particle immediately in 
front of it, so this particle with the next, and so on to 
an infinite distance. But the push would be getting 
weaker as the circle got larger, and the distance each 
particle would move (the amplitude) would get shorter 
and the sound softer. The mobility of the atmosphere 
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doubtless causes loss of motion immediately at the 

sounding body, but it does not annul all motion at a 

distance. The mobility of the water causes loss of 

motion at the steamboat wheel, but it does not cause a 

loss of all of it, so the boat moves forward, yet not as 

fast as the circumference of the wheel indicates it 

should. 

Clarence. 



CHAPTER III. 



RESONANCE. 



In examining the phenomena of Resonance we shall 
have a good illustration of how over-weening egotism, 
like Dr. Hall's, may lead a man to put himself in ridiC' 
ulous situations. 

Dr. Hall first quotes Prof. Tyndall, as follows ; 

" A series of tuning-forks stand before you, whose rales of vibra- 
tion have been determined by the siren. This one, you will reraember, 
vibrates 256 limes in a. second, tlie length of the sonorous wave which 
it produces being, therefore,* 4 feet 4 inches. The fork is now dc 
tached from its case, so that when it is struck against its pad you can 
hear it. I hold the vibrating fork over this glass jar a i. Fig. 87, 18 
inches deep, but you still fail to hear the sound of the fork. Preserv- 
ing the fork in its position, I pour water with the least possible noise 
into the jar. The column of air underneath the fork becomes shorter 
as the water rises. The sound, you observe, augments in intensity, 
and when it reaches a certain level it bursts forth with extraordinary 
power. . . . Experimenting thus, I find there is one particular 
length of the column of air which, when the fork is placed over it, 
produces a maximum augmentation of the sound. This reinforcement , 
of the sound is called Resonance. . . . Our next qoestion i 
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is the length of the column of air that most powerfully resounds to this 
fork? By measaremenl with a two-foot rule I find it to be 13 inchcE. 
But the length of the wave emitted by the fork is 52 inches, hence the 
length of the column of air which resounds to the fork is equal to one- 
fourth of the length of the wave produced by the fork. This rulo is 
general, and might tie illustrated by any other of llie folks instead of 
ihis one." — p. 277. 



On this Dr. Hall remarks : 
"Those having a 



It Sotati will observe that 
expanded or bell-shaped 
unlocks the mystery and 

reason for Prof. Tyndall's 



o the Lfctun 
the engraving represenu 1 jar as having 
moulb. This single fact is the key wh 
solves the whole probi m, giving the Ir 
trouble in a nutshell. In order 
EoluliOQ of the difficulty, I had three jars made specially for the exper- 
iment, all of the same diameter and height — one straight from bottom 
to top, one with an expanding moulh, the expansion being about one- 
half the diameter of the jar and extending down a couple of inches, 
the third with the mouth contracted or drawn in about as mach and 
about the same proportion as the other was expanded. 

" By means of a series of careful tests with the same fork— 2 
vibrations to the second— I lourd that wb.le the straight jar invariablj 
gave a resonant depth of Hji inches, the one with a Uell-shaped 
gave a depth of \2% inches, while the one with a contracted mond 
gave a depth of llX inches. The conclusion was thus scientificill) 
reached that with the mouth of the jat sufficiently expanded, and c 
rying the expansion down a sufficient distance, a resonant depth 
exactly 13 inches might he finally attained, and in this way the exjM 
ment could be made to harmoniie precisely with the necessities of thi 
wave theory, making 52 inches the wavc-lmgih instead of 47, 
and must always result, from using an honest jar."^p. 278. 

It is easy to see that the Doctor thinks he has made 
a discovery. He has found that the length of a re- 
sonant Jar is less than one-fourth of the wave-length c ' 
the note to which it responds. 

Dr. Hall frequently speaks of himself as unaccui 
tomed, until he began his book, to experimenting ii* 
natural philosophy. 
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P^It may seem unkind to tell him that the discrepancy 
he speaks of so exultingly has been known a long time. 
Some persons may say that beginners should always be 
encouraged, and I admit the force of this argument, 
but my seeming lack of consideration can, I think, be 
easily pardoned, for Dr. Hall, by natural endowment, 
does not appear to lack self-confidence. 

Physicists have always considered the phenomenon 
he discusses identical in principle with the operation of 
the organ pipe ; that the laws of the one apply (with 
slight modification because of the mouth of the pipe) 
to the other. Because of the practical importance of 
the knowledge to organ builders the discrepancy has 
been studied more in organ pipes, yet it was known 
that it is found in resonant jars as well. 

Prof. Avery thus explains the theory of 
the flute-mouth organ pipe : 



'■The cu.ren. (Fig. i) 


from the bellows enters 


through A PASSES into a 


small chamber, emerges 


llirougli the narrow slit 1, an 


1 escapes in puffs between 


a and A, the two lips of the 


mouth. The puffs are due 


la the lact that the air curr 


ent from ("strikes upon the 


beveled tip 0, and breaks in 


to a fluUer. The puffing 


■ound thus produced coti»is 


s of a ronfuseti inixlure of 


many faint sounds. The air 


olumn of the pipe can re 


tound to onlv one of ihtse to 


nes. The resonance of the 



air column, brought about in this way, constitutes the 
tone ol the pipe. We see, from the above, that it makes 
little difference how the puUes of sound are formed. \ 
vibrating tuning-fork held at the mouth of a pipe of the 
same pitch is enough to make the pipe sound forth ita 
tone. Tif production nf the lone is striiOy arnilogmii to Iht 
pkmomenon mmtionid in paragraph S13." [This pnra, 
graph is on KegonaiKe,] — Eltmtnls of Natural mimtth}, 
p. 406. 
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On this point likewise Prof. Tyndall says : 

" Tbere are various ways of agitating the ur at ihe end ol 
and tubes, so as to throw the air column wilhin into vibralio 
org»Q pipes this is done by throwing a thin sheel of air against a sharp 
edge. . . . Instead of a. fluttering iheet of air a luning-forlc whosft 
rate of vibration synchronizes with that of the organ pipe may be placed 
at the embouchure." — Ltilurii on Somtd, p. 3ii. 

The Statement of these authors that a tuning-fork 
held to the mouth of an organ pipe of the same pitch 
will cause it to speak is only another way of saying 
that if a tuning-fork be held to the mouth of a jar of 
the right size it will cause it to resound. So all physi- 
cists speak of the resonant jar and organ pipe as similar 
in principle, and if the laws of one are given it is to be 
understood that they apply to the other also. 

About all the smaller works on Natural Philosophy 
say the length of both a resonant jar and organ pipe 
(one closed at one end as the jar is) is one-fourth the 
wave-length for that tone. But when we turn to the, 
larger works we find they say the diameter of the pipe 
as well as its length has its influence on the pitch.. 
Thus Prof. Silliman says : 

" Practically the end of the lube where the sound is formed 
never entirety closed, and usually the embouchure is on one side of l]ie 
lube. The laws of Bernoulli adapted to these conditions give, for 
construction of musical instruments, the following practical rules: 

" I. The length of the tube is equal to the quotient of tbe velocit 
of SDuad divided by the number of vibrations and diminished bj ti 
the bnadA of tht tube. 

" 1. The number of vibrations is equal to the quotient of the 
locity of sound divided by the length of the lube iiicreated by tmict 
brtadlh. 

"3. The length of a cylindrical organ tube, flattened al the 1 
bouchure, is equal to the quotient of the velocity of sound divided bf 
the number of vibrations, and dimmishtd by fivi-thirds of the dituntter 
Hu tHbe."-^Princif^s of Physics, p. 280, e<iiLion of i860. 
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Thus Prof. SiUitnan always lakes into consideration 
the dianuter of the tube. But this knowledge is not 
confined to our own country, nor to the English-speak- 
ing nations. In a well-known German work I find the 
following statement : 

"The concLUsion resul g f th p d g p g ph th I 
Ihepitcb oi B pipe is delErmi d th gh h I glh !y d d 

not ibsolutely true, for all form f th p p Ih d p h f th p p 

the width of the mouth, etc. f sse 1 fl th p h 

"Savart has shown that 
a and * (Fig, a], which h 
length and depth, but wbic! 
equally wide, give the same 
the suppoiLtion (ha.t themout 
has the full width of the p 
that the sound iu the narrow p p 

" But when with equal h ght d 
width the depth of two pipes d ff 
enl, as in the pipes i and (, th w 11 
the sound no longer be Che sam t 
will be higher in the pipe of 1 d plh 
that is, higher for the pipe c tl t b 

"According to Bertch, th p t h f 
two pipes is the same when th m f 
the heighth and double the d p h 
the lame for both ; accordingly p p 
of lo inches length and I in h d pth 
should have the same sound 
of 8 inches length and z inch 

" When two organ pipes 

lions are in the same ratio, and when the mouth is of proportional 
magnitude, and occupies the same position in both, then are the num- 
ber of vibrations inversely as the corresponding dimensions. A pipe <t 
will give a sound which will be an octave lower than the sound given by 
a pipe b, when a is twice as long, twice as wide, and twice as deep as b. 




"The iin|^iil«ili ■>!! |iiMiiiiiB af thcBaaAk^kveiycaRiiderable 
iBStKoce on the pitch of the pipe- It hai dreadr bem icaarked that 
vbcD the width of the Spt, that s, Uj » uj the Gp^ is incitsied, it 
wort eisif ^Tcs iti f^iliif til, bat that it cms mart caaljt its over- 
tood when the moath it aattowxL A JMiiiai tajwcncg is excited bj 
the breadth ot the moalh. Whc^ im a s^aare pipe, the Boatfa has th« 
CDlire breadth ofa side a h%hef aomad k ntMiMxl thaa woald be if the 
moatb woe nanowet. la this waj the HMad caa be fbncd down evea 
to tbe septinke, espedallj whea the pipe is alaosl cubic For this 
reason organ bnilden auach isail pieces of lead to the sides or the 
mouth bole, which arc calired out, and which, bj benduig them, can be 
binught a little neaici tooi &nbei fro^ eachotha iB<udei to regulate 
the pitch. 

" It has been long known, through repeated eiperiments, that the 
Mand at a horn or trumpet depends upon the miteiial of the iiutru- 
menl and tbe decree of hardnea. A hem which has be«n hardened in 
tbe Rre wtthotit iis form being changed wovtd gite tmlj dull sounds. 
The organ manofactureis also know the influence of the mstetiaJ on the 
nature of the sound. And tfaey assure n» that il is bat necessaiy to 
change only a little the nature of the tin in the metal pipes, or that of 
the wood ID the vcmxI pipes, in order to nuke the mitniment poor. 
These observations have been confirmed hf numerous eiperimentt 
which SaTart performed on pipes of mote or less stretched parchmen 
and more or less moist paper. He found thai the sound in a squue 
pipe, the side ol which is nine lines and the height one foot, c 
pressed down more than an octaTc, when the paper which forms the 
Trails is mnre or less moistened. This paper had been pasted on tb 
firm edges of the prism as on a frame. 

■■ lie also found that by these means the sound can be press«> 
down Ihe more easily the shorter the pipes are. Cubic pipes can fa 
tuned down more than two octaves. Moreover, he found that but pal 
of the wall need be made of paper iti order to lower the sound,' 
(Translation.)— .MVir-j /"Aysics aiul Meteornkgy, Vol. I., p. 399, editioi 
of 1863. 

Dr. Hall discovered two things. One is that th4 
length of a straight resonant jar is shorter than onei 
fourth the wave-length of its tone. The other is thai 
if the jar is flared the depth is greater. 

He .seems to have been so delighted with his dis'* 
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coveries that he had no thought of pursuing the inves- 
tigation any further. 

Indeed, he did not try to explore what he supposed 
was an unknown country. He but touched the frontier 
and was satisfied. It is perhaps just as well, it is not 
likely he would have added anything to the sum of 
human knowledge on the subject. 

The reason generally given by physicists for the 
discrepancy that Dr. Hall discusses is that the vibrating 
column of air can not take the same density as the ex- 
ternal air precisely at the top of the pipe or jar, but 
that this occurs some distance above the top, hence the 
"measured" length (to use their phraseology) is less 
than the "theoretical" length. Also, this point is 
higher up the wider the jar, hence the discrepancy is 
greater the wider the jar or pipe. 

Before giving any data on the question I desire to 
say a word about the phenomenon itself 

Dr. Hall speaks of this point of the greatest reen- 
forcement of .sound as though its position could be ac- 
curately determined. Capt. R. Kelso Carter gives, in 
the first volume of the Microcosm, the results of a large 
number of measurements he made with different forks. 
He says he took but one observation and measured to 
the fiftieth of an inch. Now, all this appearance of 
accuracy is misleading. If Capt. Carter had taken the 
measurements again he would have obtained results 
differing from the first by an eighth or a quarter of an 
inch, or even more. I know this by experience, and I 
have never seen any one who could obtain more nearly 
uniform results. As one nears the point of greatest 
resonance he notices that the sound is growing louder, 
when he has passed the point the sound again dimin- 
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ishes, but it is impossible for any one to decide posi- 
tively as to the exact position where it was loudest. 
Also, it is impossible to make a tuning-fork always 
sound with the same intensity, and this deceives the 
ear. Hence the only thing left us is to take the aver- 
age of several observations, and even then there is na 
dependence to be placed on small fractions. The edge 
of a rainbow is so poorly defined that two successive 
measurements of its width would not agree, or, if so, 
it would be accidental. 

In giving data I have taken the average of at least 
three observations. 

The fork I used makes 256 vibrations per second. 
The wave-length, then, at 60° F. is about 52 inches^ 
consequently the "theoretical" length of a resonant 
jitr is about 13 inches. The following are the result of 
some trials of the law : 
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Thus we see that the smaller the tube the n 
nearly does the "measured" length agree with th< 
"theoretical" length, until in a capillary tube we wouU 
expect them to agree. In this case, however, the: 
amount of air inclosed within the tube would be tool 
small to give any appreciable resonance. 

But this is but introductory to the argument that t 
am about to present. 

If the explanation of the reenforcement of sound a 
generally given by physicists is correct, then we would 
expect this reenforcement to occur again at some oth« 
length- 
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I Prof, Gage thus states the current explanation of 
resonance at one-fourth the wave-length : 

" How is this reenforcemcDt effected f When the prong a moves 
from one extremity of its arc a' lu the other a", it Eends a candensatioD 
down the lub«, this condensalion striking the surface of the water, is 
refiected hj it up the Cube. Now suppose that the front of this reflected 
candcDsation should just reach the prong at the instant it started on its 
retreat fruni a" lo a", then the reflected condensation wilt conspire with 
tlie condensation formed by the prong in its retreat to mai^e a greater 
condensation in the air outside the tube. Again, the retreat of the. 
prong from a" to a' produces in itt rear a rarefaction, which also runs 
down the tube, is rejected, and will reach the prong at the instant it is 
about lo return from a' to a", and, to cause a rarefaction in its rear, 
these two rarefactions moving in the same direction conspire to produce 
an intensified rarefaction. The origina.1 sounds thus combine with their 
echoes to produce resonance, but this can only happen when like parts 
of each wave combine with each, for if the lube were somewhat longer 
or shorter than it is, it is plain that condensation would meet raref^ic 
tion in the tube, and tend lo destroy one another." — EUrmnts of Physics, 
p. 291. 

Thus we see that Prof Gage assumes that the wave 
will move faster than the fork — a thing that physicists 
have always thought. Dr. Hall has drawn on his im- 
agination for a vivid picture of the consternation that 
would be felt in the ranks of physicists when they 
learned, for the first time, this fact from his book. 
Now, they have always known it, and the thought did 
not frighten them a bit. Thus Prof. Tyndall says : 

" The motion of the wave, then, is vastly gnatcr than that of the 
fork." — Lectures on Sound, p. 202. 

In the vista of the last few months I see myself 
wading through page after page of reiterated statement 
that Prof. Tyndall never thought of this. 

If the explanation given by Prof. Gage be carefully 
examined it will be seen to apply as well to the three- 
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fourths of the wave-length as to the one-fourth. The; 
reflected wave from the first node (as we may, for con* 
venience, call it) coincides with the motion of the fork 
in its retreat and augments its sound, having passed' 
over one-fourth the wave-length twice, or one-half the 
wave-length, the fork in the meantime having made' 
one-half its complete swing and is just starting back. 
Then, the wave from the third node would catch the> 
fork, not on that return, but on the next, for, from the^ 
first node to the third is one-half a wave-length, 
the wave has passed over that distance twice, or just 
one wave-lengtli, and the fork meanwhile has made jurf 
one vibration. 

To generalize the argument, we would expect a r 
eenforcement of the sound to occur at every odd inu| 
tipie of one-fourth the wave-length. 

By experiment I found this to be true as far as \ 
had tubes to carry out the test; the intensity of thi 
sound, however, diminished as the length of the tube: 
increased. 

The fact that by thus reasoning on the wave theory 
results may be foretold is strongly confirmatory of tha] 
theory. It is absolutely impossible, on Dr. Hall'j 
theory, to forecast results. 

I have said that physicists explain the discrepancy 
between the "measured" and the "theoretical* 
length of organ pipes and resonant Jars by saying thai 
the air does not take the density of the surrounding 
air exactly at the top of '.he pipe or jar, but at s 
distance above it, and that this point determines the 
real length of the vibrating column. Naturally this 
point is pushed higher up the wider the jar, though e 
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periment shows there seems to be a limit beyond which 
no increase of width modifies the discrepancy. 

It seemed to me that this explanation, if correct. 
might be made to subject itself to experiment. These 
reenforcements of sound at different points achieve the 
object beautifully. If a small ring, covered with paper 
upon- which sand has been sprinkled, be suspended 
horizontally in an organ pipe which is sounding, it is 
found that there are certain spaces where the air is in 
motion (as shown by the sand dancing), technically 
called "ventral segments;" and certain points where 
the air is not in motion {as shown by the sand remain- 
ing quiet) — these points are technically called * ' nodes. " 
If there is a node at the first quarter, there will be two 
more, dividing the pipe into four sections. The fact 
that resonance is heart! at the end of the first and third 
quarter of a jar is enough for my argument. The ac- 
cepted theory says that a wave from the second node, 
should this be made a place of no vibration by the 
presence of water, would not get back in a proper time 
to cause resonance. 

The first quarter, or ventral segment, is shortened 
by the open end. But this difficulty docs not occur 
with the other three, hence we would expect them to 
have the full " theoretical " length. If we measure the 
distance between the first reenforcement of sound and 
the next, that is, between the first and third nodes, and 
divide this by two, we will get the length of each of 
the middle sections. 

The wave-length of a fork giving 256 vibrations per 
second at 60° F. is 52 5 inches. Then the " theoret- 
ical " length of a resonant jar which will resound to it 
13. 1 inches. I took a tube eleven-sixteenths of an 
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inch in diameter. The first point of resonance was 
found at a depth of I2j^ inches, the next at a depth of 
38.^* inches. The difference between these, divided 
by two, will give the length of the second and the 
third section, that is 13 inches. The experiment was 
tried several times with similar results, sometimes, by 
accident, the exact theoretical amount was obtained, 

When we consider the uncertainty that must always. 
surround such measurements, the point of greatest re- 
sonance not being clearly defined, and the variation 
from the theoretical length of 13.1 inches that would 
have been caused by any deviation of the temperature 
from 60", this experiment is seen to confirm the wave 
theory in the most emphatic manner. 

We have seen that the first vibrating section in a 
long resonant tube is shortened by the open end. Ex* 
periment shows that the internal sections are not sol 
shortened. 

We also know that the first section is shortened thf. 
more the wider the jar. 

But, while the first section is shortened the more 
the wider the jar, we would not expect the diameter of 
the tube to change the length of the internal sections. 
On trial I found that this anticipation is correct. After 
the first one, the sections (or ventral segments) of a 
column of air are of the same length, whatever the di- 
ameter. This chnches the argument. Thus we have 
another illustration of the fact that superficial observa- 
tions, like Dr. Hall's, are often misleading. 

If the top of the jar be bell-shaped it allows the ail" 
to obtain the density of the outside air more nearly at 



RESONANCE. 

the top of the Jar, hence the column wilMn the jar is 
longer. 

If the top be contracted it has the opposite effect, 
seeming to obstruct the formation of equilibrium. 

When both these methods of shortening the jar are 
employed we have the " Helmholtz Resonator," about 
which Dr. Hall talks so glibly and noticed so little. 
These are generally globular, sometimes cylindrical, 
vessels with a small hole in one end to be presented to 
the ear, and a large hole in the other end to be pre- 
sented to the sounding body. By their wide form and 
contracted mouth the laws of resonance are completely 
disguised. Their length may be much less than one- 
fourth the wave-length. Surely Dr. Hall has never 
noticed this or he would have instantly seized upon 
it, expatiated upon it for a dozen pages, and ended 
by again declaring that ' ' the wave theory has hope- 
lessly broken down." 

The phenomenon of Resonance demands explana- 
tion. The wave theory has d very satisfactory one to 
offer. The more it is studied the more conclusive it 
becomes. 

Supposing that by his superficial observations he 
had overthrown that explanation, the Doctor proceeds 
to pronounce a panegyric on himself. 

Does Dr. Hall offer any explanation of his own ? 
No, unless we call a few words of his on the subject an 
explanation — words that in their intangible nothingness, 
and bordering on the supernatural, would have done 
honor to Astrology in its palmiest days. 

The Doctor sees the weakness of his own explana- 
tion, and tries to divert attention from it by a harangue 
on the failure of the wave theory to explain it. He if 
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like the cuttle-fish, which ejects ink into the water 
and then tries to escape in the darkness it has itself 
created. 

In the first volume of th^ Microcosm, Capt. R. Kelso 
Carter gives the results of some experiments with a 
large number of forks. He found the jar always too 
skort, and is rendered frantic with delight.* It does 
not appear that he thought the constant appearance of 
the reenforcement of the sound was a phenomenon that 
needed any explanation, or that there was anything re- 
markable in its occurrence. To him the fact that it 
followed so nearly as the wave theory requires suggested 
nothing. It does not seem to have occurred to him 
that a discrepancy thus always appearing and always 
minus was probably following some law itself. It is im- 
possible for me to understand how any man who can 
see discrepancies so plainly Can be so utterly unaUe to 
see coincidences at all. 

At one time the results did not suit him, and in-, 
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stantly the satellite imitates the example of his primary 
and throws out unmanly insinuations. He says : 

"The remarkable agreement between the velocities obtained from 
the ^nnd Ciorks did not strike my attention till this moment. I do not 
pretend to account for il, althongh the fact that both forks were made 
at Prof. Mayer's factory may in some measure account for it. I mean 
Tio unkind rtJUclion here. [That is very evident 1] But the immense 
singularity of this whole experiment as performed by Tyndall and 
Mayer must be apparent to every one." — Microcosm, Vol. 1., p. 249. 

Several of his forks, it seems, were made by Prof. 
Mayer, and it is his boast that none of them gave the 
correct result as to the velocity of sound, hence that 
expression can scarcely be said to fulfill our ideal of 
that Charity that thinketh no evil. The principle by 
which Capt. Carter has judged, however, is founded on 
Dr. Hall's rule for deciding the credibility of testimony. 
When a statement in a scientific book suits his purpose 
the Doctor accepts it as true ; when it does not 
suit him he declares it is a falsehood. Nothing; can 
exceed the unreasoning faith with which he accepts 
the statements of scientific men when he thinks those 
statements can be used to bolster his own theory, yet 
he will reject as absolute falsehood a statement made 
by the same man and in the same book if that state- 
ment is against him. Yet the credibility of each 
statement may depend entirely on tlie writer's truth- 
fulness. 

The "substantialists, " all at once, remembered that 
it was becoming in a set of men who aspired to be 
called scientists to discover at least a few facts. So it 
was heralded forth in the Microcosm that Capt. Carter 
and others would begin a series of experiments in 
Acoustics from which great things might be expected. 
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But I never learned that they discovered anything. 
Nature yields none of her secrets to him who goes at 
her in the vindictive spirit that these men did. She 
has treated them as she has Dr. Hall. Neglecting 
theories, it is impossible to point to a fact that he 
has added to our knowledge of sound. The world re- 
serves its praises for those who discover facts, not for 
those who spend all their time abusing discovers and 
inventors. 

The organ pipe conforms perfectly to the require- 
ments of the wave theory, and in turn becomes a pow- 
erful advocate of that theory. 

If the temperature of the air within the pipe be 
made warmer, the pitch of the pipe becomes higher ; if 
it is cooled, the pitch is lowered. This is what we 
would expect on theoretical grounds. The pitch will 
depend on how many excursions the wave of air can 
make from one end of the tube to the other in a given 
time, say a second. If the pipe is made longer, of 
course the air wave can not make so many journeys 
back and forth, and the pitch will be lowered. We 
know that sound (that is, the air wave) does not travel 
as fast in cold air as in warm ; hence, to chill the air in 
an organ pipe lowers its pitch — the speed of the air 
wave is retarded. 

But this is not all. If, instead of chilling the air, 
we fill the pipe with a gas that conducts sound more 
slowly than air does, the pitch in this case also will be 
lowered. In each case the amount that the pipe will 
be lowered or heightened can be calculated, and ex- 
periment (when a te.st is possible) confirms the calcula- 
tion. In this way the velocity of sound in many gases 
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has been computed long before it has been found pos- 
sible to test it.* 

Can a man believe that all these coincidences are 
accidental ? That they do not, in the least, confirm the 
wave theory P I answer, yes. Let a man believe that 
to admit that sound may be a vibration and not a sub- 
stance is to yield the very foundation of his religious 
faith, and to acknowledge that his hope for immortality 
is but a feverish dream, then, that man will think that 
all these coincidences amount to nothing. Dr. Hall 
and his admirers vehemently declare this to be their 
belief, and act accordingly. With such a conviction in 
a man's heart it is not Ukely he will come to a theory 
in Physics with an unprejudiced mind, or that he will 
judge the question on its own merits, but his de- 
cision will be determined by data that is entirely 
irrelevant. 

There are many ways of proving that the air in an 
organ pipe is in vibration. For example, it can be done 
in this way. As I have said, if a ring covered with 
paper upon which sand has beea sprinkled be sus- 
pended in a horizontal position, and let down into an 
organ pipe that is sounding, the sand will dance about 
on the paper, except at the nodes ; these movements 
being visible if the sides of the pipe are of glass. 
The air in a resonance jar is also in vibration. 

• ConMrnLnglhisqucstionProf. Tyndall sayi: 



n pipe nlldd with o 
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As I have said, the jar may be much shorter than 
one-fourth the wave-length, if the mouth be contracted. 
Take a breaker jar of such a length, paste tightly- 
stretched paper over the top, and with a sharp knife 
carefully cut away the paper until it responds to one 
of the organ pipes. If sand be sprinkled on the paper 
it will be seen to dance about whenever that note is 
sounded, even when held at a considerable distance, 
showing that the air within the jar is in vibration, and 
that this is communicated to the paper.* 

Dr. Hall admits that in the generation of sound 
there must be vibrations of something. 

In the organ pipe it can be nothing but the vibra- 
tions of the air that produces the sound. It is found 
that all pipes of the same length and diameter produce 
sounds of the same pitch, whatever the material. The 
gualily, however, differs with different materials, be- 
cause the pipe itself is thrown into vibrations — vibra- 
tions that may be felt — and these produce overtones 
that modify the quality of the fundamental. As we 
would expect, these minute vibrations of the pipe are 
not the same for all materials. There is nothing about 
the pipe to vibrate but the parts of the pipe itself and 
the air within it. 

'MEDibranes of goldbeater's sk[n stretched upon rinss ace very sensil 
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*But all of us believe that an organ pipe would pro- 
duce sound if all of its parts were of the hardest steel 
and imbedded in solid masonry. The minute vibrations 
of the pipe might be stopped, but that would interfere 
with the overtones only. But there must be a vibration 
of something. He says : 

" Sound is undoublediy generaled by the vibralory motion of what- 
ever instruoient produces iL"~p. 76. 

We have seen that there are but two things about 
the pipe to vibrate — the pipe and the air. We believe 
that a pipe would sound if all its parts were absolutely 
lixed. Then it must be the vibrations of the air that 
generate the sound — airwaves running in the tube. But 
Dr. Hall thinks it foolish to suppose that air waves have 
anything to do with the generation of sound. He 
says : 

" The trnth is, whenever scientific investigators shall come to un- 
<ierstand ihat aif wanes haut nothing to do ■aiiih eithtr the gmeration or the 
propagation of sound, and that they are no more an essential part of 
Kbese phenomena than are the incidental waves sent off by a steamboat's 
ijvheel an esseatiat part of the boat's forward procession, Ihe wave the- 
K^Tj will be at once relegated to the limbo of exploded hypotheses, taking 
its place by the side of the Ptolemaic theory of astronomy, where it 
should have been consigned a thousand years ago." — p. lig. 

This doctrine is vehemently insisted on throughout 
liis book. 

There are just two things about the pipe to vibrate 
— the pipe and the air. One could mechanically be 
prevented from vibrating, and the Doctor says the 
vibrations of the other can not generate sound. Then 
such a pipe should be dumb. Surely a theory of sound 
that leads us irresistibly to conclude that an organ 
pipe can produce no sound, or at least could not if 
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all its parts were fixed, can not be the true theory of 

sound. 

Dr. Hairs new canon in Acoustics is a cannon aimed 

directly at all wind instruments. 

Clarence. 




Tin the April number of the Scientific Arena Dr. 
Hall comes forth in a bitter reply to my first article. 

He ignores my remarks on the ' ' incorporeal body, " 
but says I am right in saying that material theories of 
Heat. Light, Magnetism, Electricity and Sound have 
not been unknown in the past, but, to state it in the 
famous words of the debating c!ub. he insists that 
"the conflux of the argument does not subtend the 
analogy of the case." 

He says others have advanced material theories to 
account for these things, he himself teaches immaterial 
theories to account for them. 

I think the difference is immaterial, as I shall now 
proceed to show. 

The Doctor says : 

"H [Substanlinlism] leaches ttat the substances of [he universe, 
as above expressed, are naturally divisible into two main departments, 
namely, niatirial and immaUrial. which means nearly the same thing as 
eorpercal 3.aA iiKorportai." — Scitiitifif Arnw. April, 1887, p. T73. 




i 
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When I read this I remembered the Doctor's having 
used the following words in his book : 

" It aeema to me irrntional, as well as unnecessary, to talk of 
essential or radical differtna in the fundatiuntal naturi of material and im- 
malirial suistancti. and 1 have never seen a basic dislinction EatUfacto- 
rily defined."— p. 33. 

As we see, he says there is no " essential or radical 
difference in the fundamental nature of material and 
immaterial substances," then what is the diflerenci 
tween a material and immaterial theory to account for 
any phenomenon ? 

We know some of the properties of the materiaii. 
then we know some of the properties of the immaterittl, 
for Dr. Hall says the two are alike. 

The material has mass ; then the immaterial has- 
mass. 

The material has weight; then the immaterial has 
weight. 

Thus I reasoned when the article was written, and 
I can not yet see that it is such a reckless and egregioirt 
blunder as the Doctor claims it to be. 

The best known analogy that Dr. Hall discusses v. 
his book is that of the analogy between Odor and 
Sound. 

He says : 

"Vet those m 
substantial emissiea 
tenuous, prodaily, a 
the imagination to 



lies of odor-surcharged atmosphere were filled wil 
.r, as all science unites in assuring us, thnugk aot 
s sonorous substance, yet sufficiently near it to can 
retire dbcomfited and confounded." — p. 136. 



That is, he says, the difference between odorous and 
sonorous corpuscles is a difference in degree of atienuth 
Hon, not in their fundamental nature. 
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Hall has this to say on the nature of Odor, 
quoting, as we see, with approval, the words of Prof. 
Tyndall : 

"A grain of muslt, as I will show in the fifth chapter, will fill 
cubic miles of space with its peculia.1 sudstantial corpuscles, called odor, 
witLoat reducing its weight perceptibly, tested by the must delicate 
balftDCe, jet this fragrance is a real and even corporeal substance, as 
Btbmtted bj all authorities on the subject. Prof. Tyndall says ; 

" ' In the sense of touch the senses are moved by (he contact of 
the body felt ; in the itnss of smtll, Ihey are stirred by the infiniUsHmal 
parttclu of the udomus bad)! ; in the sense of hearing they are shaken by 
the libratioQs of the &ii.'—TynilalI on Liglil, p. 57. 

"Now, when cubic miles have thus passed off from a mass of 
musk no larger than an acorn, as the magnetic corpuscles pass away 
from the poles of a magnet, will any scientific investigator for a single 
moment contend Chat these ' infiniteatimal particles of the odorous 
fcody ' are annihilated because it is impossible to gather them up or to 
even recognize them after they have subsided?" — p. 40. 

Prof. Tyndall does not mean to say that odor by 
this division into "infinitestimal particles" has lost any 
of its physical properties. 

When the particles are collected together the mass 
is substance ; it is matter. And when the particles are 
separated they must remain substance and matter, for 
in the division of the mass the particles have not 
changed their nature nor lost their properties, 

A grain of musk in the massive state I can not but 
Consider as matter, and I can see no reason for suppos- 
ing that in the division it has changed from matter to 
that which is not matter ; yet Dr. Hall says an odor 
corpuscle Is the analogue of a sound corpuscle. 

Dr. Hall gives no hint that he thinks a body in be- 
coming tenuous loses any of its physical properties. In 
the last quotation I made he falls back on the " inde- 
structibility of matter." He also says odor is made up 
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of "substantial emanations" — the very same words by 
which he defines sound. 

"Before stopping to quibble about the impossibility of souQil being 
substantial emanations from its inconceivable tenuity, let us \ty to 
grasp the marvelous lesson taught by the fox and bound. Though the 
wind may blow across the trail, carrying off for hours the odoroi 
clouds which have risen from the instantaneous impress of the feel up- 
on the earth, filling thus, perhaps, vast areas along the trail \ 

four square miles of air suicharged by the locust, yet sufficient odi 
remains, extending for rods on both sides of the trail, to enable tfaft 
hound to pursue his distant game with infallible precision." — p. 136. 

Less than a year ago he said : 

" If a dog has the ability to select and isolate one single form o 
odor from a hundred other almost exactly similar forms, with the* 
various forms of smell intermingled in the most confused and tangW 






manner possible, 
real objective substance, as the 
reasonable to suppose that the 
select and isolate one single I 



of sound? If not, then whs 
called analogies of nature ?"- 



ih odor 
tiRc world admits, is it nt 
ability of a practiced ear I 
orchestra of a hundred di 
in like manner from the substantial natui 
sense or meaning can there be in the M 
-SciaiHjic Arina, September, 1886, p, J 









It is true that the whole scientific world admits that 
odor is "a real objective substance," meaning by thiS 
that it is real objective matter, not matter with all i1 
physical properties withdrawn. 

If "substantial corpuscles " have no physical prop 
erties the Doctor should never have brought the tentt 
ity of odor into his book, and should never have men 
tioned odor as the analogue of sound. His so-callef 
analogy is utterly misleading if, in separating, the pai 
tides lose all their physical properties. 

The doctor will quote the scientific books as sayinj 
that odor is a substance, and then in his application ua 
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the word with his own peculiar views attached to it. 
This is a method of playing ' ' fast and loose " with the 
words matter and substance that is not fair. 

The reason that the Doctor can do this plausibly is 
that he now says substance is simply the broader term 
and includes matter. 

It is true that a thing may belong to both a genus 
and a species at the same time, but it can not have 
properties and not have them at the same time. 

I am not treating his "analogy " unfairly, nor try- 
ing to make it "go on all fours." 

The difference between the two ways of looking at 
the tenuity of odor is wide and fundamental. 

According to one view, his analogy between odor 
and sound is reasonable, or rather it teaches something. 

According to the other view, it is impossible to find 
any analogy. 

It is impossible to reason about the ' ' substantial 
corpuscles" in Dr. Hall's philosophy, for they have 
neither mass nor weight, nor any other physical 
property. 

Mere existence is the only property that, as far as 
I can see, he has left them. 

But I do not know that mere existence makes an ob- 
ject either substance or matter. Hundreds of people 
believe in the existence of God who do not believe He 
is either substance or matter. 

One of the principal arguments that Dr. Hall has 
urged against the current teachings of science in regard 
to the forces of nature is that those conceptions are 
intangible and really unthinkable. 

I would aA:, How much more thinkable are the 
Doctor's "substantial corpuscles" ? 
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We can have no clear cut conception of any objedj 
which has neither mass, weight nor size. 

The word "substantial," in common parlance, h^^ 
a clear and tangible meaning, and Dr. Hall puts it 
fore the word "corpuscle," and innocently supposes 
that this makes the conception more tangible and think* 
able, even after he has robbed the word "substance 
of al! meaning. 

Dr. Hall has not a follower to-day who has a cleara".! 
conception of what a substantial corpuscle is, accord' 
ing to the new definition of substance, than the scierji 
tific world has of what gravitation is. 

If Dr. Hall will let the analogy of odor alone hi^ 
philosophy will remain somewhat tangible, but exceed- 
ingly vulnerable. If he repudiates that analogy he ha» 
stripped his philosophy of all that has made it attrac-* 
tive to men, namely, its supposed tangibility. 

Yet this very tangibility and simplicity is the dangeP 
of Dr. Hall's philosophy, and he sees it. 

I have not much faith in any philosophy that make$ 
the universe of God as simple as a problem in commonj 
addition in arithmetic. 

The only way that can be done is to leave out all' 
the difficult parts. The mysterious, of which any can- 
did man will acknowledge the universe i.s full, must be 
ignored. 

Of late years Dr. Hall has been trying to inject int( 
his philosophy what he had at first left out, and thi 
necessary result has been that his philosophy is as coia 
piex, confusing and mysterious as any other philosophy 
of the universe. 

The charm of its tangibility is gone. While thi 
thing acted upon and the thing acting were both matfi 
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rial, differing mainly in the degree of attenuation, we 
could understand it ; but when the thing acting loses 
all thinkable properties, the philosophy itself is no 
longer in a region where we can think. 

Take, for example, these words as expressing his 
later teachings : 

"The term mailer, as thus viewed, only embraces a small portion 
of the substances of the universe, namely, those substances which are 
ponderable or otherwise auscrptiblc of chemical or mechanical tests, or 
such as are absolutely limited by material conditions. The term sub- 
iMa, on the other hand, not only embraces all material things, how- 
Eta gross or tenuous, hut it inciudes all immaterial things, oi such 
impoiiderable entities as are not con6ned by material limits or condi- 
lioDs, and hence, such entities as can not be proved to exist by any 
diemioil or mechanical test." — ScuoHfic Anna, April, 1887, p. 173. 

Thus we see that the Doctor is abandoning the clear, 
but contracted, views expressed in his book. 

Once when he said that heat, sound, magnetism, 
etc., were substance he meant much the same as saying 
they were matter. Now he says they are not matter, 
and he has the right to change his mind, but it is amus- 
'"g to hear him say that he never claimed they were 
matter. 

In the revised edition of Dr. Hall's book, published 
in 187S, occurs this passage (footnote) : 

. electricity and magnetism are 

lick a difffreni kind of atttitualed 

: of motion ' without any sub- 

1 penetrate the 



"If light, heat, sound, gravital 
all demonstrable subilatUial entiOts, 
matttr, instead of a meaningless > r 



densest bodies, each by laws peculiar to itself, s 
corporeal and ponderous objects in defiance of all intervening barriers, 
then what reasonable excuse can a th' ughtful mind frame for ignoring 
the unseen hand of God because it is unseen, or disbelieving in its own 
substantial and immortal entity because iDtangible to the physical 
senses ?■'— p. 55. 
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This edition also contains the metrical arrangement 
of Dr. Hall's book. Let us examine some passages in 
it. For example, he says : 

"And if this be truly stated 
That there can be no such motion 
In the granules of the diamond 
As would be if undulations 
Should occur among its atoms, 
Then must rays of light be stibstance^ 
Of attenuated matter^ 
Passing through the very texture 
Of what constitutes the diamond 
Without waves or undulations, 
Friction, contact or displacement. 
That light may be such a substance 
As can pass through solid diamond, 
Or through any dense formation. 
Such as emerald or crystal, 
Without physical disturbance 
Or displacement of its atoms. 
Though beyond our comprehension, 
Is a mystery no greater 
Than that currents from a magnet, 
(Proved to be substantial fluid. 
Since they move corporeal bodies) 
Penetrate the densest metals, 
And the most imporous structures. 
Without friction or displacement ; 
Or than this so-called ether 
With the nature of a * solid,* 
More like * jelly* than a fluid. 
As distinctly taught by Tyndall, 
Should thus freely wave in diamond 
Without sensible disturbance 
Of its molecules or atoms.*' — p. 60. 

Here we have the phrase * * substance or attenuated 
matter," and I innocently supposed that the phrase 
''attenuated matter" was used as a synonymous term, 
explaining what was meant by ** substance." Dr. Hall 
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would doubtless say it means no such thing, and that 
it means that one is entirely different from the other. 
The phrase occurs five times on fifteen consecutive 
pages, and every lime 1 misunderstood it. 

My only excuse is, that if that is what Dr. Hall 
meant to say, I did not think he would construct the 
sentence in just that way. I thought he had a clearer 
5t:yle than that. 
; The Doctor says that light is ' ' material ' ' ; 

^^^^The Doctor says that gravitation is as atomic as air, 
*"d I have always understood that air, thoug-h very 
tenuous, is material. 



" Not Eo, if light be substance, 
Oi material iPiaHations, 
Which might penetrate some bodies. 
While some others might resist it, 
As electrical discharges 
Freely penetrate some bodies. 
And refuse to pass through others, 
Which could not be predicated 
Of ethereal undulalioos. 
Since that hypothetic substance 
J^ supposed to hll all bodies. 
Granite just the same as diamond."— p. 65. 



% 



' If the force of gravitation, 
Which draws bodies toward each other. 
St mil farmtd of real aloms, 
Or be not intrinsic substance, 

JUit as much as air or gases. 
Then it is a name for nothing, 
Of which man can form an idea 
As an actuating power," etc. — p. 67. 



The Doctor says that electricity is attenuated matter 
(that is, he says this if he uses the same grammar that 
the rest of us do) and that odor is a substance. 
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"And electrical discharges 
Might, instead of being substance^ 
Or attenuated matter ^ 
Prove. but simple undulations, 
Or a kind of mode of motion 
Of some ethereal substance. 
And thus triplicate the ethers, 
Held within a solid texture 
Of a bar of gold or silver 
At one instant of duration. 
Why, in fact, make out that fragrance 
But another mode of motion, 
Rather than a real substance /"' — p. 66. 

Tne Doctor says that mind is closely related to 
material objects. 

** Mind can therefore be but substance 
Of a finer grade of texture 
Than the gross material objects 
Of which the senses take cognition. 



Intellect is therefore matter 

Of the most essential fineness 

And tenuity, surpassing 

Every possible conception 

We can form of sensual objects, 

Just as hydrogen is matter. 

Though imponderable its atoms ; 

Just as interstellar ether. 

Which all modern science tells us 

Freely circulates in diamonds. 

And through densest glass and crystal 

By which light is undulated. 

Is a true material substance. 

More like * jelly * than like gases. 

More the nature of a * solid * 

Than of atmospheric substance. 

As will soon be shown from Tyndall." — p. 49. 

I will again refer to the common edition, which does 
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not contain the metrical arrangement, and which is, I 
think, more widely distributed. 

Physicists have always considered the luminiferous 
ether to be material, and to have material properties. 
Dr. Hall mentions this, yet he says that the substantial 
pulses of Hght in his theory are of like nature. 

" I have just hud DccaEion to intimite light itself could just as well 
be supposed to radiate in the foroi of substantial waves or pulses, as 
fiTSt to ignore such a substance entirely, and then substitute anolhir 
mattriai (luminiferous ether) almost infinilely more difficult to accept." 
-F- 75- 

The simple fact is this. Within the last few years 
the Doctor in his periodica! writings has begun a system 
of "hedging," but he is exceedingly anxious to keep 
the knowledge of that fact from his followers. This 
frantic attempt to draw a broad line of distinction be- 
tween substance and matter is not found in his book. 
In it, substance and matter are almost, if not exactly, 
the same thing. 

Take the following extract for example. The first 
things he mentions are material ; he says they are also 
substantial : 

" To the philosopher, however, who has grasped the true nature of 
aibstancc in its various stages of exist'nce from the tangible to the in- 
tangible, from the visibk, ponderable, phjsical bodies around us — suck 
as platinum, iron, water, wood, flesh, air, gas and odor, up to the in- 
tangible, invisible and incorporeal substances of electricity, magnetism, 
gravitation, etc.^lo such a student of nature there would be no diffi- 
culty ia comptehending the additional fact that the life, soul, mind or 
spirit of a living man constitutes an interior substantial entity, an in- 
visible and incorporeal organism ramifying the physical structure, as 
real as is the visible and tangible organism it animates; the one the ex- 
act counterpart of the other, though tbe inner must be vastly the more 
important of the two, since it is the moving force or motive power 
through which alone any physical body is able to live, move or think," 
-p. 29. 
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If this passage does not teach that the difference 

I between platinum and magnetism is a difference in the 

degree of attenuation, what does it teach? The heavier 

I one is matter, then is not the lighter one matter also? 

The Doctor sometimes speaks of invisibility almost 

I as though it could be made the test of immateriality. 

Dr. Hall is surprised that I should consider his doc- 
I trine of attenuation much the same as that advocated 
by Prof. Olmsted. I ask the reader to compare this 
passage with the one I quoted from Prof Olmsted: 



gas, many times 
I power of the 
a so id form, it 



I 



" When the heaviest metil can be converted ml 
ligbter than our atmosphere, after which the pn 
chemist and mechanician is defied (o reconvert ii 
ought to teach us that this gaseous substance, under the manipulation 
of still higher wisdom and greater chemical resources, might be made 
to reach a second state of attenuation or sublimation almost, if not 
quite, justifying our conception of an ' immaterial substance,' and Ihpt, 
too, without a transition much greater than its first change from metnl 
to gas."— p. 33. 

It is only when Dr. Hall wants to get out of a diffi- 
culty that he is so anxious to draw the line between 
matter and substance. At other times he does not 
think it important. 

Within six months Rev. J. 1. Swander published 
his "Text-book on Sound." It is said, on the title- 
page, to have been "carefully revised by Dr. Hall." 
On page 172 we fitid : 

" Quest/en 30. On what analogical ground should sound be re- 
Ligatdcd as a substantial entity, and not as a mode of motion, as present 
ce leaches ? 

" Ansvier. On the analogical ground of the consistent and h»r- 
s uniformity of Nalure's laws and principles of proceeding. As 
I heat, electricity, mognellam, etc. — all phenomena-producing causes in 
among Ihe self-evident, substantial or entitive forces of 
1 Nature, it would be incongruous and out of consistent harmony foi 
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soQiid and light, equally phenomena-protiucing causes, nnl likewise to 
be subslnntinl forces or objective entities. And as Ihe lenia of smiU, 
iaite oMd tactility am only In aJJrttstd, and Uuir sihshohs imfr/ssiim fro- 
Atcai fy itiis/antia/ cgrttact wUk thta organs, it would be entirely iiDU'ar- 
ruted to suppose an abrupt change to noncntitative motion in the sen- 
sations of hearing and sight." 

The first part of this answer we may pass over, 
though some persons may say it "begs the question." 
It assumes that heat, magnetism, etc., are substantial — 
the very thing in dispute. But he assumes them to be 
"self-evident." Is that to be called "self-evident" 
which can gain the assent of comparatively few persons ? 
His assumption can not be said to be evident, to say 
nothing of self-evident. 

The axioms of Euclid are also said to be " self-evi- 
dent," and have commanded the assent of the vast 
majority of minds to which they have been presented. 

But in the latter part of that answer it is said that 
the sensuous impressions of smell, taste and tactility 
can only be aroused by "substantial contact with the 
organs," and hence, on "analogical ground." the 
senses of sight and hearing can only be aroused by 
"substantial contact." But in the senses of smell, 
taste and tactility "substantial contact." wc can under- 
stand, it is the same as material contact ; hence, in the 
senses of sight and hearing there must be "material 
contact." 

These quotations might be multiplied indefinitely, 
but I will not weary the reader with more. Enough 
have been given, I think, to show why I treated the 
theories in "The Problem of Human Life" as essen- 
tially material. Yet Dr. Hall thinks it "astonishing" 
that I should view the subject in that light. Dr. Hall 
must. I think, be easily astonished. 
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Dr. Hall has, I think, learned more real science since 
he began to publish his periodical than he ever had 
learned before, and he has seen that, on experimental 
grounds, material theories of heat, magnetism, etc., 
are extremely unsatisfactory. So the Doctor quietly 
explained away all the material meanings that he had 
allowed the word "substance." The necessary result 
of this was that he left it no meaning at alt. 

The surprising thing about it is that he was able to 
do this without letting his followers know what was oc- 
curring. Dr. Hall certainly has the right to change his 
ground, but he can not be on both sides of the ques- 
tion at the same time. 

■ I know of no intimation throughout all the Doctor'si 
periodical writings that he desires to retract any leading;;. 
or even secondary, doctrine taught in his monograph 
on acoustics, or, using the name he generally applies 
to it now in the "Evolution of Sound." He always 
speaks of himself as willing and anxious to defend^ 
every doctrine taught in it. But when its material the- 
ories are mentioned he vehemently exclaims, "There 
are no material theories in the book." 

In the light of the quotations I have given, and' 
which might be greatly multiplied, this disclaimer is 
astounding. But it is the Doctor's business, not mine, 
to explain the grounds on which it is based. 

He got most of his followers by appealing to thcs 
religious feeling, and offering, as he said, a tangiUt 
theory which all could understand. 

A follower of Dr. Hall started out with a somewhat 
clear idea of what a." substantial corpuscle" was. '. 
the refining away of all thinkable ideas as applied tOf 
substance has been so insidiously done that this maa 



does not know that he has not the least conception of 
what a "substantial corpuscle" is as now spoken of. 
The word only is left him, and he repeats that to him- 
self and innocently supposes that it represents some 
thought that is in his mind. 

Every one knows that there has been a great falling 
away of the disciples of Dr. Hall. Very few of them, 
I think, went away because they understood the facts 
in the case, namely, that they understood they had 
been invited to a "substantial" feast — substantial in 
the sense that we all like substantial feasts — but when 
they sat down they found they were expected to dine 
on something as intangible as moonshine. The food 
looked substantial when they partook of it, but a crav- 
ing for something reaily nourishing drove them uncon- 
sciously elsewhere. 

" Substantialism " was a very good name for Dr. 
Hall's philosophy as he first advocated it; his present 
theory should, however, be called " Unsubstantialism." 

Of course, I do not believe or say that that which 
is not matter has no existence. I am only insisting that 
our conception of that which is not material is exceed- 
ing nebulous — so nebulous that we can not reason about 
its nature. 

In Dr. Hall's book substance is much the same as 
matter. In it "substantialism " is a tangible and think- 
able philosophy. It was this that made it attractive to 
large numbers of intelligent though not highly educated 
men. But it was also a very vulnerable philosophy, and 
Dr. Hall came to see it was so. Consequently, of late, 
he has been refining away all the material meanings of 
the word "substance," until the word means nothing 
tangible, nothing thinkable. 
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Dr. Hall now virtually admits that he does not 
know what "force," for example, is; and that is what 
we all admit, only we do not try to deceive ourselves 
by putting a qualifying word before our ignorance (and 
saying " substantial force "), when we know that the 
qualifying word can have no thinkable meaning. It 
was one of his pet arguments that force had been treated 
by physicists as something unthinkable, and was con- 
sequently nothing. At first he allowed his conception 
of force to be thinkable — it was material — but its struc- 
ture and composition is utterly mysterious to us accord- 
ing to the new definition of "substance." The word 
only is left, all its attributes are gone. I do not know 
another case where so large a body of men have de- 
ceived themselves so long with the mere ghost of a 
word — a word that once had a clear and living meaning 
to them. 

Dr. Hall is surprised that this distinction he draws 
between the material and the immaterial does not strike 
the world as a wonderful accomplishment and produce 
an intellectual earthquake. He is quite sure it is noth- 
ing but bigotry that prevents the scientific world from 
hailing his views with inexpressible delight. He is so 
well pleased with that explanation that he does not 
consider it possible that there can be any other. But 
the distinction has been drawn before, but most people 
could not see that it really advanced their knowledge 
very much. 

I have been examining the second edition of a book 
published in Boston, in 1858, by John P. Jewett & Co. 
The title-page reads, " Debt and Grace, as Related to 
the Doctrine of a Future Life, by C. F. Hudson." Let 
us make a few quotations : 



A REPLY. 

" Our theory of the ubiquity of the atom is not refuted, we think, 
by saying that the atom miracls ila fellows by a certain power of force. 
Smtk^trwo' or jerci is either a Iking or a nolAing. The distinclion o! snb. 
stance and attribute does not meet the difficulty, for attribute is only 
a modification, quality or form of substance, and euii not exist separate 
from subslaace. IE inheres in substance; it can not exist without 
it."— p. 245. 

" The vital or thinking principle prrhaps must be an added imma- 
briaJ suiitanei, working upon, and with, and through tlie material, yet 
having its own proper and distinct being." — p. 246. 

"If the human soul or spirit is not 3.n immaterial sudslariet,^^^ 
perishes with the bndy, then the wicked will wholly die twice, and the 
penalty of the law will appear to be executed a second time." — p. 147 

" And we have set forth these marveU of the nature of matter, not 
to encourage the supposition that it may possess, or thit it may he en- 
dowed with, the power of thinking, but for the opposite reason, vii. ; 
to suggest to the materialist that there may be ^ spiritual suisianci. The 
nibtlety of matter in its essence ts hardly surpassed by the subtlety that 
is claimed for spiritual svislame." — p. 245. 

Dr. Hall wrote a work that had the same theme as 
this book, namely, the destiny of the wicked. Mr. 
Hudson's conception of the nature of an "immaterial 
substance" was too intangible to make any deep im- 
pression. Dr. Hall's conception of its nature was quite 
tangible as he first advocated it. The difference be- 
tween the material and the immaterial was principally 
a difference in the degree of attenuation. But he has 
been gradually refining away that view until his doctrine 
is as intangible as Mr. Hudson's. 

When a principle of Nature is brought before our 
attention, the nature of which is utterly mysterious to 
us, let us not practice any self-deception by giving it a 
name that signifies that we do understand it. I doubt 
if "substantialism." as now advocated by Dr, Hall, 
can be either proven or disproven. It is in a field 
where we can not think. 
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Let us admit our own limitations, that there are 
fields of thought of which the mind can at times catch 
hazy glances, but it can not even cross the border hne, . 
much less traverse the broad domain. When man first 
began to study nature, he over-reached himself and at- 
tempted the impossible. For two or three thousand 
years men tried to find out what the forces of nature, 
are, and learned nothing about them. For two or thre^ 
hundred years men have been trying to find out what 
the forces of nature cati do, and have learned a great 
deal about them. This about marks our limitations. 

The answers of science are proximate, not ultimate.. 
We see some phenomenon and say, " What prodm 
it?" We study it and say gravitation caused it. But 
what caused gravitation? Science has no answer. 

Our ' ' cause " is a proximate, not an ultimate cause. 
Utter failure in the past in trying to find out the nature? 
of ultimate causes gives no hope for the future. I do 
not believe we wilt ever understand what the forces oH 
nature really are. Partial progress in the past in fitict 
ing out pro.ximate causes is an earnest of better things 
to come. We can find out much of what the forces of 
nature can do. But I have no desire to discuss the 
metaphysical side of "substantialism." I leave that t 
the metaphysicians, of whom I am not one. 

But I am fully pursuaded that sound is neither sul> 
stance nor matter. For this reason I was disappointec 
in that Dr. Hall declined to notice my second article; 
for it was on the question of sound. He quotes six 
lines from it, in which he says I have again confoundet 
the material and the immaterial, and says this is reason 
enough for so declining. Seeing that those six lines 
are upon a secondary question that came up in the dis^ 



cussion, and have nothing to do with the main argu- 
ment, his words look more like an excuse than a reason. 
The reason, however, that the Doctor did not desire to 
discuss that chapter is evident. 

He had always said that all sounds, loud and soft, 
travel with the same velocity. A correspondent had 
just written him, quoting from a civil engineer who said 
that the velocities of all sounds were not the same. 
The Doctor was astonished that a civil engineer should 
make such a blunder in physics, and published a long 
editorial on the subject. Simultaneously with that ar- 
ticle (in the March number) I published some of the 
data from which physicists have concluded that the in- 
tensity does influence the velocity. It was doubtless a 
new thing to Dr. Hall ; yet he saw it was a simple thing 
in physics, and widely known. He thought that if he 
did not call attention to the fact by mentioning it few 
of his readers would know of his blunder. 

In this same article he had again boasted of his 
prophecy that the condensed air wave caused by an 
explosion would be found by experiment to have a 
steadily diminishing velocity. I showed him that the 
results of some experiments tried several years ago in 
testing another question entirely, yet incidentally, dis- 
proved his prophecy. Dr. Hall did not desire to dis- 
cuss this either. Skillful as he knows himself to be in 
explaining away difficulties, he doubtless thought that 
to succeed in explaining away this difficulty would do 
his cause no especial good, and to fail in the least would 
do him serious harm — it would shake the faith of his 
disciples in his infallibility — hence he just ignored the 
question. 

Marcbllus Thompson, 



CHAPTER V. 



**THE LOCUST ARGUMENT" EXAMINED. 



There is a little instrument called the 'Movers' " or 
* * mechanical *' telephone, which is of easy construction, 
is simple in principle, and is extremely interesting in 
the results that may be obtained with it. Its principle 
of action is entirely different from the telephone of 
Prof. Bell. There is no electrical current involved in 
its action.* 

A rude instrument may be made as follows : Take 
two short cylinders of three inch bore, open at both 
ends. Small tin cans with the ends melted off will do. 



*The following quotation is a curiosity. The writer evidently supposes that 
Physicists teach that in the electrical telephone the air is condensed into little 
waves on the wire, and these travel forward ! Prof R. G. Hand says : 

** But what about the submarine telephone ? Do air waves cling to the out- 
side of a protected or submarine wire where no room is left for such external 
physical encumbrance? If not, is the mode of transmission changed at every 
station, like passengers from stage to railroad, and vice versa, a few times on a 
journey? In other words, do air waves convey the messages from your mouth to 
the transmitter, then the diaphragm of the transmitter transfers them to the 
wire, which in turn transfers them to the receiver to be again transferred to the 
air, and finally to the ear-drum? Is there not danger of damage to delicate mes- 
sages in so many changes of conveyances and transfers of freight ?" — Scientific 

Arena, July, 1886, p. 20. 
66 
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Over an open end of each stretch and tie tightly a piece 
of bladder. Pass a small firm cord through the middle 
of each bladder. To prevent its pulling out, tie a small 
fiat button to each extremity of the string. When the 
tension is correctly adjusted, words spoken into one end 
can be heard at the other. The vibrations of the air 
cause one membrane to vibrate, this communicates its 
motion to the string, this, in turn, causes the other 
membrane to tremble, and this latter causes the air to 
vibrate in a manner similar to that of the original sound. 
This instrument is, of course, crude, and better results 
may be obtained with one more carefully made. 

The form that I used is called "The Wilcox Screw- 
Tension Telephone. ' ' Metal diaphragms are substituted 
for the bladders, and a copper wire takes the place of 
the cord. It has an attachment by which the tension 
of the conductor may be changed. The wire must be 
kept taut. Though the lack of a bell is a disadvantage, 
yet the instrument becomes quite useful in some cir- 
cumstances. Three hundred feet of wire are furnished, 
and the makers say more can be added if desired. 

Standing six feet from the receiver, I have under- 
stood words spoken by a person standing one hundred 
yards away. Like alt similar vibrating diaphragms, its 
words have a strongly nasal twang. The words are 
found to be somewhat more distinct if the string is 
stretched in a straight line; but the sound may easily 
be made to turn a corner by a simple mechanical device 
furnished with the instrument. Strict directions are 
given by the makers that the wire must not be allowed 
to touch any fixed support, but is to be suspended 
freely in the loops of a string. With a short wire, and 
the words spoken in a loud voice, the vibrations of the i 
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wire may be felt when it is grasped between the thumb 
and finger, but ordinarily the movement is impercepti- 
ble. Conceiving clearly in the mind the way the dia- 
phragms vibrate, one instantly sees that the vibrations 
must be "longitudinal," not "transverse;" that is, any 
given particle of the wire must move back and forth 
along iS\Q line in which the wire is stretched not across 
it. This distinction is fundamental, and should be seen 
clearly. All sound waves are "longitudinal," water 
waves are "transverse." 

As I have said, the makers say the wire must not 
be allowed to touch any projecting comer, yet if one 
allows it to so touch, he finds that the intensity of the 
sound is not greatly diminished. The sound is, how- 
ever, so greatly confused as to be scarcely intelligible. 
The confusion may arise, in part, from the vibrations 
themselves becoming modified, but most of it, I think, 
arises from the friction of the wire against the support, 
the sound of which is carried to the diaphragm.^. But 
if, while sound is passing, the jaws of a clamp which is 
firmly fixed be allowed to close on the wire, its power 
to conauct sound is destroyed. A rope may be drawn 
back and forth through a hole which it fits neatly, but 
it can not be thrown into vertical or horizontal vibra- 
tions at that point. It is capable of "longitudinal" 
but not "transverse" vibrations. A mere projection 
would not stop longitudinal vibrations of a telephone 
wire ; a clamp would stop both. 

Before the exact tension is found, there is only a 
confused, metallic rattle of the diaphragms. The quality 
of the voice, though rendered nasal, is not destroyed, 
so that the speaker may be identified. The auditory 
nerve is placed in a cavity scooped out of the bones of 
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Tiead. The teeth are firmly set in sockets in the 
bones — hence any vibration that may be communicated 
to them is quickly carried to the nerve. This is the 
principle of the '■ dentiphone. " So here, if the wire 
be taken between the teeth the words are quite dis- 
tinct. Words may be understood when the speaker is 
six feet from the instrument, though the sound is then 
faint ; and the louder one speaks the louder is the 
sound given forth at the receiver. 

Suppose that the speaker is standing three feet from 
the instrument. Then a great number of diaphragms 
might be placed three feet from the speaker's head, 
making a sphere six feet in diameter. A globe six feet 
in diameter has a surface of 1 6, 200 square inches. The 
Opening by which sound enters the instrument is circu- 
lar in form, with an area of about one-fourth of a square 
inch. Consequently, 65,000 diaphragms might be so 
placed that one person speaking would set them all in 
vibration. But if the diaphragm of the transmitting 
instrument moves, the diaphragm of the corresponding 
receiver must also move, and also the connecting wire. 

One hundred yards of wire weigh about ten ounces. 
Every instrument would set this mass in motion. Con- 
sequently, in 65,000 instruments 41,000 pounds would 
be set in motion, or over twenty tons. But it is evi- 
dent, as the makers say, that the instrument can be 
used for much greater distances ; and the energy in- 
volved would increase in the same ratio that the wire 
does. 

If the wire is six hundred feet long, the energy is 
equivalent to causing vibrations in forty tons. If we 
"load " the wire it amounts to the same thing. Sup- 
pose we solder a block of metal to the wire. Then, if 
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the sound passes, the block as well as the wire must 
move. So great a weight coming directly on the dia- 
phragms might break them, but we can suspend it. I 
hung a little tin pail directly over the wire, and soldered 
this to the bottom. The instrument could still be oper- 
ated. I placed a weight iq the pail. Sound still passed, 
but with diminished intensity. As more weights were 
I added, the sounds constantly grew weaker, until the 
, weight amounted to four pounds, when the tone was 
I very faint, and the experiment was carried no farther. 
As the ten ounces were equivaJent to twenty tons 
' in the 65,000 diaphragms which one man could set in 
motion, so here these seventy-four ounces (sixty-four 
plus ten) are equivalent to 148 tons. 

Every man who has no theory to uphold or oppose 
will admit that sound in this little instrument is con- 
ducted by vibrations. Else why should it stop the 
sound to allow a clamp to close upon the wire? It 
does not stop the water to grasp the tube through 
which water is flowing; and Dr. Hall says substantial 
sound is flowing through the wire. Also, on any the- 
ory except the vibrational, how can we explain the 
diminishing tone as the more weights were added ? On 

I that theory the explanation is easy. A given amount 
of energy can not move a large mass so fast or far as it 
can a small one. But I found that a loud sound could 
be forced through a "loaded" wire when a soft one 
would not pass. 
Dr. Hall's locust can be heard a mile — a much 
stronger tone than the voice was in these suggestive 
experiments. Dr. Hall can calculate how much the 
wire might be loaded if a locust would only be kind 
L enough to furnish one its delightful solos at the proper 



time and place. Of course the man is stronger than 
the locust, but the comparative strength of the two is 
not in the question. A man may take a sledge and 
strike 3 rock with his full strength, and not.be heard 
very far. He may take a small hammer, strike a bell, 
and be heard much farther. In the second case he 
could convert more of his energy into sound vibrations. 
The fact that a locust can surpass a man in thus trans- 
forming its energy into sound is shown by the fact that 
it can make itself heard much farther. 

Dr. Hall complains of scientists for talking about 
vibrations In air. He wants something more tangible, 
he says. So he invented "pulses of corpuscles," which 
are infinitely less tangible than air. I have taken some- 
thing really tangible — masses of copper and iron. 

If one takes a jar, pastes over it a piece of paper, 
then with a sharp knife carefully cuts away the paper 
until it is in unison with some tone, he will find that 
sand sprinkled upon the paper will dance about when- 
ever that note is sounded, though the jar be at a con- 
siderable distance from the sounding body. Dr. Hall 
gives eighty feet as the distance to which it will respond 
to the voice. He says : 

"The sand dancing on a stretched membrane eighty feet away, hy 
a lone of the voice, is tiot done by shaking the air at all. It results 

sympathy, as a magnet emits puUes of immaterial substance to excite 
sympathetically and move a piece of iron ! [Exclamation mark his. 
He seem; Co be surprised at bis own explanation.] — Microcosm, Vol. 

ni.. p. 369. 

The Doctor insists that it is not the vibration of the 
air that causes the sand (and, of courbc, the membrane 
under it) to move. I think it is, but for the purposes 
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of this particular discussion that is not important — ttte 
fact that the sand moves is enough. 

If a jar in front of a person ■would respond, so 
would one at his side or behind him. A whole circle 

might be placed around him, and all would respond at 
the same time. It is not probable that the jars could 
be placed as far behind him as in front, so we take 
seventy feet instead of eighty as the radius of the circle. 
But another row might be placed just above this, and 
they would respond also, and so on until the entire 
dome should be filled. 

The surface of a hemisphere of seventy feet radius 
is 440,000 square inches. If each jar takes up twenty 
square inches of this surface, 22,ooojars might be placed 
seventy feet from the speaker's head, all of "which would 
respond when he sang the proper note. Suppose each 
membrane to weigh five grains and the sand upon it 
three grain.s, then eight grains are shaken on each jar. 
Then 22,000 jars will bear twenty-six pounds of sand 
and paper — ail of which is shaken — and this is the ap- 
preciable movement of a tangible substance. 

But a locust could make a jar of the proper pitch 
respond at a much greater distance than a man can. 
Hence the radius would be much more than seventy 
feet, and that last result I have given would be multi- 
plied many times. 

Does the reader say, ' ' These results are preposter- 
ous?" Let me tell him something eke that is prepos- 
terous. From my childhood I have heard it said that 
a little dog trotting across a heavy suspension bridge 
shakes it Dr. Hall himself mentions this fact: 



"A dog trotting over a. 1 
whole structure, provided his s 



rge bridge will shake violently the 
eps shall happen to correspond with 



I need not discuss the question of the timing of the 
foot-falls of the dog. The fact that this result can be 
brought about under any possible circumstances is 
enough for my argument. A dog, if he so desired, 
could trot back and forth half a day at a time, and thus 
cause the bridge to shake "violently" all the time. 
Now consider the weight of the bridge — hundreds of 
tons, and the weight of the dog — a few pounds, and 
the motion not minute, but " violent," the idea of the 
dog being able to bring about such a result is prepos- 
terous. Argument « la Dr. Hall. 

A heavy weight on a suspension bridge causes it to 
yield very perceptibly. A light weight must cause it 
to yield an iniinitesimal amount. But all physicists, as 
we have seen by a previous chapter, consider the ampli- 
tude of sound waves, in the vast majority of instances, 
to be infinitesimal. But more than this, the bridge 
can deflect only by the bending of very stiff wires, and 
the yielding of rusty joints. But the particles of air 
are exceedingly mobile (Dr. Hall will indorse this 
statement), and vibration in it occurs almost without 
friction. 

Is it said that gravity explains this power of the dog 
over the bridge? I answer that it does not explain the 
horizontal vibration at all, and I do not believe it ex- 
plains the vertical movement. It is easier to see how 
a locust can overcome the mere inertia of the air 
(neglecting the slight amount of friction) than it is to 
see how a little dog can overcome the inertia of so much 
iron, with the added resistance of stiff wires and rusty 
joints. 
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Dr. Hall comes forward as the champion of common 
sense in Natural Philosoph)\ That is a most excellent 
foundation; but the danger is that a man will rule out 
as contradicting common sense everything that is be- 
yond his own observation and experience. It seems to 
contradict common sense that an animal covered with 
fur, and having many of the habits of the musk-rat, 
should have feet and bill like a duck. Yet I have seen 
the skin of such an animal. 

So with physical forces. The books have for a long 
time given a certain law for hydrostatic pressure, which 
says that the pressure increases rapidly with the depth. 
The experience of divers confirms this law, for they can 
go but a very short distance below the surface when the 
pressure becomes unendurable. Stand-pipes, etc., 
though made of heavy iron, burst with the powerful 
pressure. Bottles weighted and let down into the ocean 
are either burst or have the stoppers forced in by this 
crushing power. 

"A brass vessel full of air, caataining only a pint, and whose 
■wails were one inch thick, has been known to be crushed in by ihis 
greal pressure, when sunk !o the bottom of the ocean." — OlmsUd's 
CoUfgi Philosepky, p. lao. 

Whales, when struck with the harpoon, sometimes 
dive to enormous depths, as shown by\the amount qT 
rope they drag after them. If a whale of 3.600 square 
feet dives to a depth of 2,500 feet, the pressure upon 
it will be over 58,000,000 pounds, or more than the 
weight of 800 locomotives. That result certainly out- 
rages common sense. Then, to follow Dr. Hall's ex- 
ample, we should reject the whole law of hydrostatic 
pressure. But Dr. Hall indorses this law. (See Scientific 
Arena, November, 1886, p. 89.) 
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Tie secret of Dr. Hall's mistake lies in his forget- 
ting how easily motion takes place in a body when the 
forces that play upon it are equal. For months together 
I have worked with chemical balances that could be 
loaded with fifty grammes on either side, the beam, 
pans and index would weigh at least twenty-five 
grammes more, yet if the rider were changed so that 
there was a difference of one-tenth of a milligramme 
between the two sides, the whole mass was thrown into 
vibrations that would continue for perhaps two minutes. 
It turned with the i-i, 250,000th of its load. The 
makers guarantee these instruments, when sold for 
commercial purposes, to be at least that delicate. I 
have seen the statement that balances have been made 
that would turn with the 1-7, 000,000th of their load. 
The air is in more delicate equipoise than we can 
hope to ever give any machine. 

Suppose we have a tube of one inch sectional area, 
and one mile long. A plug which fits air-tight, but 
moves without friction, is pushed to the middle of the 
tube and the ends are stopped. Would it require much 
to move it the one-hundredth of an inch either way? 
"Yes," exclaims Dr. Hall, "there is a pressure of fifteen 
pounds to the square inch to be overcome." But this is 
just the amount of pressure it bears on the other side, 
so that it is in equilibrium. And to pusii the plug the 
one-hundredth of an inch either way would condense 
the air on one side, and rarify it on the other so little, 
that the amount of force necessary would be inconceiv- 
ably small. 

The favorite of all Dr. Hall's proofs is this "Locust 
Argument." In the full orchestra, of all the others i 
whose attenuated corpuscles are to charm and enchanta 
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the world, none please the manager half so well as this 
violin soloist. This one musician, from the wilderness 
is to throw into utter confusion the "'scientific par- 
rots" — the enemies of God and men. But, above all, 
around this minstrel gather the mighty host of figures, 
almost innumerable, who, with their swords and their 
glittering spears, are to put to flight the armies of the 
alien. But this apparent discrepancy between the power 
of the agent and the work done has astonished others 
as well as Dr. Hall. Thus Prof. Youmans says : 

" It is marvelous how slight an impulse throws a vast amounl of 
air into motion. We can easily hear the song of a bird 500 leet above 
ns. For its melody to reacli us, it must have filled with wave pulsatioDS 
a sphere of air 1,000 feel in diameler, or set in motion eighteen tons of 
the atmosphere." — Quoted in Avery's Handbook, p. lOO. 

But, with the Doctor's permission, we will look 
somewhat carefully into this "Locust Argument," I 
care nothing for the absolute numbers he gives, but he 
values them highly — they are dearer to him than the 
apple of his eye; hence he should be careful to have 
them correct. But he is very careless. 

A certain kind of locust, he says, can be heard a 
mile; consequently, fourcubic miles are being "churned 
into condensations and rarefactions,'-'* I have some- 
where seen the statement, by some balloonist, that 
sounds do not rise very high into the atmosphere, that 
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iiey are not audible to near the distance vertically that 
they are horizontally. In proof of this, he stated that 
the cheering of a crowd soon dies out, while the waving 
of handkerchiefs is still quite visible. 

It is well known tiiat sound is not reflected with the 
accuracy that light is. When sound strikes a surface, 
it has a tendency to flow along that surface. The most 
of a sound strikes the earth obliquely, and, of course, 
yields more or less to this tendency. The sound that 
goes down is not lost, but spreads out and extends the 
borders. Were the locust high up in the air, the sphere 
through which it could be heard would, I suspect, be 
much less than a mile. Also, it is known that the 
loudness of a sound is determined by the density of the 
air where it is generated rather than the density where 
it is heard. But I can not say with certainty as to how 
far a sound audible for one mile along the surface could 
be heard vertically. 

When, to his dismay, the ignorant scientist hears 
the hated locust a mile away, his friend the aeronaut, a 
mile above the enemy, hears nothing. The mass that 
is " churned " into " condensations " and "rarefac- 
tions " is not, I think, the half of a sphere of one mile 
radius, but the half of an oblate spheroid — a much less 
volume.* 
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Then this adept in legerdemain arithmetic states his 
case. He says the drum-skin of the human ear has i 
superiiciai area of about nne-fourth of a square inch, 
and weighs something over half a grain, 

" Wc have, then, only to suppose one tympanic membrane accn- 
ralely and sensitively located in Ihe space of each quartet inch throogh- 
ont the four cubic mites filled by the sound uf the locust, and aa 
certain as theie is any truth in the wave theory of sound, all thi 
membranes must be thrown into vibratory motion, if stretched with the 
same tension as they are in human ears, because it is perfectly evident 
that an ear, if present at any quarter inch throughout this mass ol 
would hear the sound of the stridulation, which, according to this the- 
ory, could only occur by the shaking of this drum-skin." — p. 177, 

The Doctor wants tis to believe that a locust could 
be heard a mile with the intervening space filled up so, 
and that because a drum-skin placed at any point with- 
in these four cubic miles would vibrate, that therefore, 
if it were all filled up with drum-skins, they would all 
vibrate at once ! That is to say, if I can lift one brick 
I can lift a whole brick house at one time, for one brick 
is no heavier than any other! And this argument is 
put forth with an assurance which seems to say, 
" Sophistry well stuck to is as good as the truth." 

The Doctor calculates that the drum-skins, when en- 
tirely filling the whole space in the manner described, 
would weigh 2,000,000,000 tons, the whole mass of 
which would be moved by the stridulations of the locust. 
It is undoubtedly true that an ear, when placed at any 
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^tnt within the space, would hear the sound ; but what 
thinking man can believe that the sound would ever 
reach the drum-skins placed a mile away were the in- 
tervening space filled up so? It is doubtful to me if 
the sound would pass through 2,000 layers, yet these, 
placed as Dr. Hall places his — one-lourth of an inch 
apart — would carry us only about forty feet. 

A rifle will carry, say a mile. The ball passes 
through every point along that space. It would pierce 
a half-inch board that might be placed anywhere along 
the line. Therefore, by Dr. Hall's method of argu- 
ment, it is conclusively shown that a rifle ball will pierce 
a mile of boards set up in a compact row ! 

I have quoted Dr. Hall as saying that sand on a 
resonant jar would dance about when the proper note 
is sounded. I said that these jars might be placed on 
the surface of a hemisphere of seventy foot radius, and, 
allowing each membrane to weigh five grains, and each 
of these to bear three grains of sand, that the aggre- 
gate amount that would be in motion would be twenty- 
six pounds. Let us apply Dr. Hall's method of argu- 
ment to the problem before us. A jar would be found 
to respond, if placed anywhere within the space ; there- 
fore the whole space may be filled up with these jars, 
and they will all respond at once. 

A hemisphere of seventy foot radius contains about 
660,000 cubic feet. Allowing 100 cubic inches to each 
jar, this space will hold 11,000,000 jars. The mem- 
branes and sand upon them will weigh about six tons; 
all of which is thrown into visible vibrations by sound- 
ing the proper note with the voice. I hope the Doctor 
does not consider this appUcation of his method an in- 
fringement. As I have said if a mile is the limit of 



"evolotion of sound" evolved. 

audibility for the sound of a locust, then only one layer 
of drum-skins can be counted, for this would quench 
the remnant of the sound. The surface of a hemi- 
sphere of one mile radius is about 22,ooo,ooo.ocX) 
square inches. Allowing a square inch of drum-skins 
to weigh two grains, this expanse will weigh about 
3000 tons. The Doctor's mistake lifted this to 2,000,- 
000,000 tons! This would be more excusable if it had 
arisen from a mere mistake in calculation; but it arose 
from a ludicrous misapprehension of what would be 
(ound the physical facts were it possible to subject it to 
experiment. Yet such is the intellectual tyranny that 
Dr. Hall exercises over his followers, thai hundreds of 
men calling themselves educated have just gulped 
down his statement of this argument, ajid considered it 
mathematically accurate and unanswerable. This sway 
over the minds of his disciples Is remarkable. He 
starts some new question in his magazine. Many 
opinions are expressed by different writers. At length 
Dr. Hall autocratically states his view, and after that 
there is but one opinion on the question among " sub- 
stantialists, " and that is Dr. Hail's view. 

When a fundamental discovery (like the discovery 
of "induced currents" in electricity) has been made in 
the past it has been the signal of a host of discoveries 
founded upon it to be made. This has been a univer- 
sal rule. Dr. Hall published what he declared a revo- 
lutionary discovery in physical science. Hundreds 
immediately accepted it. He expected to see his theory 
rapidly perfected and strengthened. Except in the 
refining away of the word "substance" his theory 
stands to-day exactly where it did ten years ago, Not 
a fact has been discovered whose existence was sug- 
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by the new theory. Nobody could do anything 
to elaborate the theory. 

This state of affairs might arise from either of two 
causes. A theory might, on almost any question, be 
brought forward which could be made, by its author, 
plausible up to a certain point, and beyond this point 
no one could carry it. Or the new disciples might be 
so utterly unfitted for the work, and so lacking in 
originality, that nothing could be expected of them. 
Both causes cooperated, I think, to give this stationary 
character to the corpuscular theory of sound. 

Every leading scientific man, from Newton down to 
the present time, always found, even among his ad- 
mirers, a large body of able men who opposed him on 
almost every leading doctrine he held. But Dr. Hall's 
sway over the minds of his adherents has been undis- 
puted. The corpuscles of sound can not be so attenu- 
ated as the Doctor assumes them to be. I use the word 
"attenuation " in connection with the Doctor's theory 
of sound advisedly. I am only following his own ex- 
ample. The teaching of his book is that sound is a 
form of attenuated matter. I do not know that he has 
ever expressed a desire to retract anything in his book. 
On the contrary, he expresse.s so much satisfactioiiwith 
his own work, and in such a way, that he leads one to 
think that he is confident that every leading doctrine in 
his book will stand the test of the most searching in- 
vestigation. His book is full of the thought that sound 
is but a form of attenuated matter. He has however 
at times in his periodical writings, I think, tried to 
make this thought so intangible that it can not be dis- 
cussed, but he has never retracted. 

'. give one extract from the "'addenda" to his 



82 "evolution of sound** evolved. 

book, written, I suppose, after his theory had been all 
thought out and committed to writing, hence it ex- 
presses his mature opinion : 

" For if light and soumd care sttbsteaue 
Or attenuated matter. 
As so clearly demonstratea 
In the three preceding chapters^ 
Which can permeate the densest. 
Most impervious of bodies. 
Such as diamond, gold, and granite. 
May not spirit be a substance 
Far beyond the comprehension 
Or the tangible conception 
Of our gross material senses ? 



In this hurried ex^^sis. 

Proving sound to be a substance 

Heal as is air or odor 

I have aimed at broader questions 

Than those merely contemplated 

In their philosophic aspect. 

Howsoever grand they may be 

Viewed as scientific problems. 

Questions which involve existence 

Of a conscious, living ego. 

When corporeal organisms 

Join the elements of nature." — p. 334, edition of 1878. 

As I have said, the corpuscles of sound in the 
Doctor's theory can not be so attenuated as he assumes 
them to be. We know this by the effects they produce 
if this theory be true. One fork will set another in 
unison with it in motion at a distance of fifty feet. 
And the tuning-fork is a heavy mass of steel weighing 
several ounces. Dr. Hall indorses this method of judg- 
ing the magnitude of causes. He says : 

" No physical effect can be produced without an adequate corporeal 
le.*'— p. 232. 
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The Doctor is right in insisting there must be some 
correspondence in magnitude between a cause and the 
effect. Particles of air are certainly attenuated, but 
with considerable velocity can produce decided coi- 
poreal effects — witness the ponderable bodies moved m 
a hurricane. 

If the size of the moving body be lessened, the 
velocity must be correspondingly increased to maintain 
the momentum unchanged. A small rifle ball with 
high speed may have as much momentum as a large 
ball with low speed. In the chapter on the propaga- 
tion of sound I have pointed out the distinction be- 
tween the velocity of the form of the wave and 
the velocity of the particles of the wave. The 
velocity of the form of a sound wave we know. It is 
the velocity of sound, (about 1120 feet per second at 
60° F.) The velocity of the particles that make up the 
wave we do not know. I see no reason for supposing 
that it is much greater than the velocity of the tuning- 
fork prong that gave it the push. 

Dr. Hall says this is about eight inches per second. 
This is equivalent to the velocity of a pleasant breeze. 
It is not surprising that a tuning-fork can arouse sym- 
pathetic vibrations in a distant fork that is in unison 
with itself. For, (if an Uf'' fork be used) 256 waves 
have dashed against its surface every second, and at 
times corresponding to its own time of vibration. We 
have all noticed that very slight pushes, if rightly timed, 
will give very vigorous oscillations to a person sitting 
in a swing. The eight inches per second is the average 
velocity of the tuning-fork's prong. Its velocity at the 
middle of the swing must be greater, and this, in strict- 
ness, is the push it gives the air. Thirty -five miles per J 



"EVOLUTION OF FOUND EVOLVED. 

tour is the velocity of a high wind. The air has mass 
ienough even at this moderate velocity, less than that 
■ «f a railroad train, to throw down trees. And it is 
not surprising that hundreds of waves of air of this 
velocity can set a bar of iron in motion when they 
come in times corresponding with its own vibrational 
number. 

If it be said that sympathetic vibration can be ex- 
plained by supposing that periodical pulses of sound 
corpuscles are thrown against, the fork and set it in mo- 
tion much in the same way, the reply is that the cor- 
puscles must be inconceivably more attenuated than 
the particles of air, and their velocity is comparatively 
sluggish (i 120 feet per second, they being merely pro- 
jectiles), and to set in motion so heavy a body is too 
Lgreat a work for them to do, being small and having a 
I slow velocity. Their momentum would be too small. 
r " No physical effect can be produced without an 
adequate corporeal cause." The fact that the sounding 
body is not dissipated shows that the corpuscles in the 
Doctor's theory are exceedingly attenuated. But there 
are just as powerful reasons for supposing them to have 
some considerable size. The Doctor (p. i6i) explains 
how sound can pass behind some obstruction, by say- 
ing that the corpuscles sub-divide, secondary systems 
being thrown off from the first. These secondary sys- 
tems are of less size, have less momentum, and hence 
the sound is not so loud. This sub-division must take 
place several times in intricate cases. 

One tuning-fork will respond to another, even when 

screen intervenes. The parts of corpuscles have 

lass enough to produce corporeal effect, though not 3o 

I much as the primary ones. 
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As these minute parts of a corpuscle have this much 
mass, the original corpuscle must have had more ; so 
much indeed that they cannot incessantly be taken from 
a body without perceptibly reducing its size. The 
corpuscles must be dividing incessantly and without re- 
ference to their surroundings. Some secondary ones 
pass behind an obstruction, but the obstruction did not 
make them separate from the primary. A wave is a 
unit, and the particles making up a wave have some 
connection one with another. Consequently when a 
wave strikes an obstruction, it can send a secondary 
wave behind the obstacle. But a volley of balls 
(either musket balls or sound corpuscles) is not a unit, 
but a collection of units having no connection between 
them (that is, neglecting universal gravitation), and 
when one strikes an obstruction it does not influence 
the others. 

Suppose a tight board fence is one mile long. In it 
there is a row of holes three inches apart, A sound is 
passing along the fence, and a little passes through each 
hole. Dr. Hall says this is made possible by the division 
of the corpuscles. By the time the corpuscle reaches 
the last opening it must have divided over 20,000 times. 
Yet this minute fraction of a corpuscle is able to pro- 
duce corporeal effects. But the original corpuscle must 
have been at least 20,000 times as large, and the 
primary corpuscle must have weighed as much as all its 
parts. And if an infinite number of such masses be 
taken from a body, it must, in the very nature of things, 
reduce its weight. 

Dr. Hall discusses the nature and tenuity of odor 
and says there is an almost exact analogy between it 
and sound; as we have seen, the ancients also believed, 
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He says there is a kind of musk which, if placed i 
room, will ^ve it an appreciable perfume for a hunt 
years, and yet undergo no loss of weight that can 
detected. But I think every one must have noti 
that air has a saturating point beyond which it can 
go for those conditions. Place a quantity of perfi 
in a room, close the door, enter again the next day 
note the amount of odor present. Try it again 
next day. It will be found to be about the same a; 
the day before. This seems to mean only that 
particles rose until the air was saturated for those i 
ditioiis, then the emissions ceased. 

An analogous occurrence takes place in the ev; 
ration of water. With a room of ordinary tightn 
there is a slow movement of the air into and out of 
room ; hence a slow evaporation of the water to k 
the air saturated. Should the room be kept air-tij 
and the temperature constant, after the point of 
uration should once be reached evaporation would ce; 
and the water would no longer lose in weight 
would remain in that condition indefinitely. Now 
that water in a strong breeze where the air, as fast i 
takes up moisture, is carried away, and the water ■ 
soon pass away in its emissions. 

A grain of musk if placed in a close room i 
keep it perfumed for years yet if set in a strong w 
would probably pass away in twenty-four hours, Ev 
one knows that, when in the pocket, a handkerc 
will hold perfumery a long time (because the air ab 
it is confined) but when taken from the pocket 
spread upon the table, it is soon lost. 

Dr. Hall is surprised that a grain of musk in a ti 
room can keep the air perfumed for years, and 
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undergo no appreciable loss of weight. It seems to 
me it should do so for a thousand years just as well, 
for the musk does not lose anything after the saturating 
point be once reached, and this occurs after a short 
time. Every one knows that on opening a perfumery 
bottle the odor is not found to be stronger and stronger 
the longer the bottle may have remained closed. The 
amount, however, may be modified by some other con- 
ditions, one of which is temperature. The point of sat- 
uration is higher for warm air than cold, that is, it will 
absorb more. Cold reduces the number of particles 
of odor that may be given off, as though the texture 
had been rendered more firm. And, as far as I know, 
frozen bodies give off very little odor ; though I do not 
suppose it is impossible for them to do so, as even ice 
will evaporate, as we see in the phenomenon of clothes 
" freezing dry." 

As water emissions become more rapid the higher 
the temperature rises, and as an analogous case occurs 
with odor, so also we would expect that sounding 
bodies (on the corpuscular theory) would give off more 
sound the warmer they are. A piece of cold iron will 
ring loudly if struck, but if heated gives off almost 
no sound. To heat a bell destroys its resonant 
quality. 

As most bodies become more elastic as they grow 
colder, this phenomenon is explainable if sound be 
vibrations which are transmitted to the air; but if 
sound be emissions, we would expect a body to be 
most resonant when softened by heat, the same as a 
piece of wax is most odorous when warmed. 

It would seem that the story of words (sound 
corpuscles) becoming frozen in the air, and becoming 



audible again when thawed out in the ^nng, is no 
fancy sketch, bot is within the bounds of possibility, 
indeed probability. To stop the waves of air b to an- 
nihilate them, but sound corpuscles can not be annihi- 
Uted, for that, the Doctor thinks, involves the possi- 
bility of the annihilation o( the soul ! The Doctor also 
brings up the well-known Polity with which a bound 
will follow a fox and says: 

" I now ask the pnttlcd tevUr wlio CaOs M we Itin* the lixost can 
fill an irea t*o miles niaare with sooorons sabsunce and net apprc- 
citblj reduce iu weight, lo tell me apprminutely how mocK Reynard 
hw rfiJuced his feel in tiie and weight by the douJa of oiiot diffused 
atong his track for a hundred miles." — p. Ij6. 

The imagination can not conceive how great must be 
the tenuity of these emissions, yet they roust have some 
mass which becomes reduced, or the track would not 
become "cold" in time. Most, if not all, of theodots 
given off by animals, are secretions that come to tbe 
surface of the skin. And these secretions are not in 
such slight quantities, but may amount to ounces or 
even pounds per day. The reduction in size of the 
fox's feet is really not involved in the case, no more 
than is the burning of the wick responsible for all Uie 
flame of the lamp. They only carry the odor to Uie 
surface as the wick carries the oil. The thousands of 
footfalls doubtless wear away the feet of the fox. but 
these particles may add nothing to the odor that the 
hound detects. The particles of odor are undoubtedly 
inconceivably small, but I am fully pursuaded that they 
l<«re not so near the infinitesimal as Dr. Hall would have 
» believe. 

To Dr. Halt this "Locust Argument" is the dearest 
' all "the children of his brain," He rehearses it 




time and again. He insists that either the wave theory 
or his own must be true, that there is no middle ground, 
that nothing else is conceivable. The stridulations of 
his darling sets the Doctor's brain in a whirl every time 
he hears it, and he sings the song of victory over the 
hated undulations, and pronounces an eulogy on bis 
beloved corpuscles. (By the way, I pronounce mine 
on the "lovers* " telephone. It is more romantic. In- 
deed, it is more instructive.) The ardor of most men 
would be cooled when they remembered that for every 
difficulty that existed in the old theory a hundred had 
arisen in the new. But so slight an obstruction in the 
way of his triumphal car does not trouble the gallant 
Doctor. The car of Juggernaut rolls on. From its 
gilded pinnacle floats a banner bearing the words 
"Down with the Evolutionists." The devotee waits 
no longer. The fact that there is absolutely no con- 
nection between the doctrine of evolution and the 
wave-theory of sound does not occur to the zealot. 
He remembers not that either might stand while the 
other fell into oblivion. The common-sense view of 
deciding each question strictly on its own merits arises 
not in his mind. He even thinks if it be proven that 
waves of air really break upon his ear that the same 
argument also proves that the fond hope that the waves 
of time break upon a farther shore is but a delirious 
dream. He hesitates no longer, but casts himself un- 
der the advancing wheels. 




Prof. Dcschanel gives this explanation of the pho- 
' nograph : 

r, Edison, of Ifew Vorb, lias been successful in constructing 
naent which can reproduce articulate sounds spoken into it. 
:e of the speaker is directed into a funnel, which converges the 
es upon a. diaphragm carrying a style. The vibrations of 
the diaghragm are impressed by means of this style upon a sheet of tin- 
foil, which is fixed nn the outside of a cylinder to which a spiral motion 
is given as in the vibroscope. After this has been done, the cylinder 
with the tinfoil on it is shifted back to its original position, the style is 
brought into cootael with the tin-foil as at first, and the cylinder is then 
turned as before. The indented record is thus passed beneath the style, 
and forces it and the attached diaphragm to execute movements resem- 
bling their original movements. Tlie diaphragm accordingly emits 
sounds which are imitations of those previously spoken to it. Tunes 
sung into the funnel are thus reproduced with great fidelity, and sen- 
tences cleailjF spoken into it are reproduced with sufficient distinctness 
10 be understood." — Elementary Treatise on NiUarat P 



Dr. Hall says in regard to the telephone and pho- 
nograph : 

" In Lhe first place, in undertaking nn explanation of these remark- 
able instruments, it is necessary to call attention to the obvious disllnc- 
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tion, so frequently referred to in the preceding pages, between the inci- 
dental air iBOTies sent off by a sound-producing body such as the vocal 
organs and the sound pnlies themselves. These sound pulses, us I have 
Iricd to show, are geneialed by the molecular action, which occurs in 
the rapid vibratory motion of the sounding instrument (see p. 93), and 
are then propagated through the air by a law peculiar to sound, as 
electricity (another substantial emanation, not wave motion) is conveyed 
through the wire by an analogous law of conduction — not driven 
through it by the motion of the battery or dynamo machine, as sound 
waves are supposed to be driven through the air by the to and fro 
motions of the tuning-fork's prongs. 

" Synchronous])', however, with each vibration of the sounding 
body and each sound pulse thus generated, there is generated and sent 
off an air -wave which is driven to a limited distance proportioned tu 
tlie force of the vibrating instrument. These air waves, however, as I 
show, have nothing to do with the accompanying sound pulses, being 
only incidental to the production of sound, as the generation of heat 
in a dynamo machine is incidental to the generation of electricity, but 
no part of the electricity generalcd. Such air waves, therefore, must 
necessarily correspond in force and rapidity 10 the strength and rapid- 
ity of the vibrations, and consequently lo the intensity and pitch of the 
sound. Hence, in talking in close proximity to the diaphragm of a 
phont^raph, it is readily understood thai these air waves, impinging 
Upon the diaphragm, cause it to vibrate with a rapidity and force cor- 
responding to (he rapidity and force of the accompanying sound pulses, 
thus producing a record uf indentations in the tin-foil; and when the 
needle of the phonograph is again passed over the line of indentations 
it causes ibe diaphragm lo reproduce vibrations similar to those of the 
sounding body which originally produced the record. Thus Ihiviry 
tcnes of tlu voict, as will as tlie -wards spoken, are reproduced." — p, 334, 

In the edition of 1878 he says: 

" By properly attaching a steel point lo the center of a telephone 
membrane [he must mean phonograph membrane], so adjusted as to 
press into the delicate spiral groove of a revolving cylinder enwrapped 
with tinfoil, the vibration of the membrane, acted on by the waves ac- 
companying spoken words, is made to record a corresponding variety 
of impressions on the foil in the form of delicate impressions of vflrying 
depths and undulatory lengths. Then, by re-revolving ihc cylinder in 
the same direction, with the point m the line of indentations, 
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In the previous parts of his book he has spoken 
contemptuously of these "incidental air waves" that 
accompany the sound pulses for a short distance. With 
a flood of language he has insisted that they are the 
most unimportant, insignificant (and, to use his own lan- 
guage), "meaningless" affairs. It is almost the gist 
of hia book. He has poured forth his vials of wrath 
and contempt upon the devoted heads of acousticians 
for daring to think that these waves can be of any com- 
plex character, or can produce any intricate effects. 
After his book is published, his attention is called to 
the phonograph and telephone, and he adds an appen- 
dix in which he admits that air waves and the results 
accomplished by them may be as complex as was ever 
claimed. 

Neglecting the hypothetical pulses of sound cor- 
puscles, let us see what he admits concerning these air 
waves — "incidental" though he says they are. He 
admits : 

1. That the vocal cords in action do throw off air 
waves. 

2. That these waves of air move some short distance 
at least. 

3. That the number of waves per second corresponds 
with the vibrational number of the sounding body. 

4. That the amplitude of the air wave corresponds 
to, if it does not equal the amplitude of vibration in< 
the sounding body, .ind changes with it. 

5. That whatever complexity they may have had at, 
the start they retain it to the last. 
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To see clearly that all these admissions are involved 
in his language please reread the above quotations with 
their contexts. 

In examining the water waves thrown off when the 
stem of a tuning-fork is dipped into water, he found 
that the number is very small compared witli the num- 
ber of vibrations of the fork. There were perhaps five 
or six per second, and scientific men were ridiculed for 
saying that the sound waves in air could amount to hun- 
dreds or even thousands per second. He now admits 
that the "incidental air waves " cause the membrane to 
vibrate, and this, by its steel point, makes a ' ' correspond- 
ing variety " of "impressions " on the foil. There must 
be a corresponding number of " impressions" and "air 
waves," too; for, if the cylinder be turned with the 
same speed as in the first case the pitch is unchanged.* 

Now, please state why it is ridiculous nonsense to 
say that equally as many "sound waves" may be 
thrown off as these "incidental air waves," — they are 
both waves in air. Can not one kind be thrown off as 
easily as the other, and as many of them? A tuning- 
fork making hundreds of vibrations per second makes 
just the same number of impressions on the tinfoil — 
then there must have been hundreds of air waves. The 
phonograph will grasp a sound of very high pitch — one 
of thousands of vibrations per second. 

Dr. Hall thinks it impossible that waves of air should 
pass behind an obstruction and maintain their identity. 
He thinks they would be destroyed, or thrown into in 
extricable confusion, and at least they would be no 
longer intelligible. He says : 
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"Sound, however, acts in no such way, and, Ihetefore, can not be 
the result of wavo-motion. If the listener is screened behind an im- 
penetrable wall, for example, or a building, the sound passes around it 
and enters the ear in perfect form, both as to pitch and quality, being 
only reduced in inlensily ; and if it consislB simply of air waves, as the 
current Iheory teaches, then these air waves, unlike those of water, can 
lap around the building, enter the ear in an exactly opposite direction, 
:t form and outline, though broken, distorted 



stopped by the obstru 



1, ■uihkh is diarly an imposaiiii'ty." — p. i6o. 



The Doctor is always very emphatic on this point. 
A man can hold a screen before his face when speaking 
to the phonograph, and the words will be recorded, 
showing that the "incidental air waves," which the 
Doctor says operate the phonograph, passed around 
the obstruction without being thrown into confusion. 
If the " incidental " air waves can so change the direc- 
tion in which they are moving, why can not "sound " 
air waves do as much ? 

Dr. Hall would doubtless explain the action of the 
"lovers' " or " mechanical " telephone by saying it is 
operated by the " incidental air waves." It will trans- 
mit words when any kind of a screen is placed between 
the speaker and the transmitting instrument. In some 
cases the waves must have gone a very tortuous course 
to get to the instrument. Yet the words given off at 
the receiving instrument have undergone a reduction in 
intensity only, they show no tendency toward confusion 
because of the tortuous course of the sound in air, 
showing that the waves have maintained their identity 
unchanged throughout all their windings. If the "in- 
cidental air waves" can thus follow a devious course 
without confusion, why can not ' ' sound " waves do as 
much? They are both waves in air. If one is equal to 
the occasion, whyshouldtheotherbeso utterly helpless? 
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The belief has existed for some years among scien- 
tific men that these larger, primary waves bear upon 

themselves smaller, secondary waves, and these give 
rise to the "overtones" which give the characteristic 
quality to any sound. The idea that such complexity 
could exist in mere waves of air has been supremely 
ridiculous to the learned Doctor. The man, he thinks, 
who can entertain it must be lacking in the first princi- 
ples of common sense. The overtones, he says, are 
caused by secondary systems of corpuscles thrown off 
by the first. But he admits (as I have just quoted) that 
the phonograph "reproduces the very tones of the 
voice." Hence the overtones are present which give 
rise to the characteristic quality. But the diaphragm 
caught the principal tone from the air waves (it makes 
no difference if they are only "incidental"), and, of 
course, it caught the secondary tones in the same way. 
For, we have seen that a secondary as well as a princi- 
pal " air wave " has made its impression on the tinfoil. 
Therefore one system of waves has borne another — a 
condition of things that the Great Objector had de- 
clared impossible. 

The "incidental air waves" have done exactly 
what he said they could not do, and what is his reply? 
In substance it is only this, Well, they can not pro- 
duce these effects at any great distance. He had 
declared (p. 124) that the largest bell in the world could 
not produce these mechanical effects at a greater dis- 
tance than twenty feet. After he penned that state- 
ment he learned that the telephone (which he says is 
also operated by the " incidental air waves ") can be 
_used with the speaker standing one hundred feet from 
; transmitting instrument. (Revised Ed. p. 525). 
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Consequently the "incidental air wave," bearing'^ 
secondary wave, ran that far and maintained its identity. 
But more than this; three or four persons may talk to 
the Phonograph at once, and it catches and repeats the 
words. 

The Doctor thinks it astounding that any man can 
believe that the atmosphere can carry several systems of 
waves of sound at the same time. If the atmosphere 
can bear so many systems of " incidental " air waves 
why can it not carry as many systems of "sound " air 
waves ? 

If, after the primary waves with their secondary 
waves have run several feet, they can make their im- 
pression on the heavy iron plate of the phonograph 
compelling this to make its indentations on a piece of 
tinfoil which can in turn cause the diaphragm to 
vibrate, certainly there is nothing surprising in the fact 
that they can make their impression at a much greater 
distance on the infinitely more sensitive nature of the 
human ear, connected as it is with a marvelously deh- 
cate nervous system. Any clumsy piece of apparatus 
for analyzing sounds that man can devise will not com- 
pare in refinement of workmanship with that of the 
ear. The olfactory nerves can in a moment detect the 
presence of a subtance of which the most careful 
chemical analysis can find no trace. 
I The surprising thing is that any human device can 
■ catch and record the air-waves even at a short distance, 
pnot that the ear can take cognizance of them at a long 
distance. The "incidental air waves" have shown 
themselves fully able to shake the heavy iron plate, but 
let an ear be placed in the same position and, presto] 
the Doctor thinks it the very delirium of foolishness to 
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suppose the ear could take any cognizance of the waves 



r waves 

brating 



whatever ! 

But what are these "incidental e 
for? They have doubtles 
But there was nothing for them to do. At last the 
phonograph was invented and they doubtless hailed the 
glorious day with exultant delight. At last they 
had found something which they could shake ! But the 
phonograph has remained but a scientific curiosity 
without use {except to talk against the corpuscular 
hypothesis) and the "air-waves" doubtless felt that 
they were without a mission in the world. But the 
electrical telephone has of course been a great consola- 
tion to them. In this one thing, at least, they could 
help the commercial world. But the Doctor cruelly 
tells them we can do very well without their services. 
Because, forsooth, the telephone can be made to oper- 
ate slightly with the diaphragm absent. Even when 
the diaphragms are present their amplitude of vibration 
is doubtless very small and we could not speak against 
the naked ends of the magnet without changing its 
position somewhat with regard to the surrounding wire. 

It has long been known that if a current of electri- 
city be sent around a bar of iron that this is shortened 
in consequence. It was also known that if the circuit 
be closed or opened a sound is given forth by the 
iron, called the "Page effect," It maybe that the 
changing length of the iron bar, produces part of the 
sound, though most of it doubtless is of molecular 
ofigin. But I do not pretend to be able to explain the 
phenomenon in question, yet, both the facts I have 
mentioned look toward a vibrational rather than an 
emission theory of sound. 
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It is txue many physicists think that molecular mo- 
tion is involved in the action of the telephone, and it 
may be found to be involved in many phenomena of 
soand. And the Doctor catches this thought, " molec- 
ular motion " — I correct myself. He catches the words 
"molecular motion," and speaks of it as though it 
were only a modified form of his theory. Molecular 
vibration is no more closely related to his doctrine 
than mass vibration. Each alike requires the trans- 
ference of motion and not of substance. To inject the 
conception " molecular motion" into the wave-theory 
is redly to make but a very slight modification of the 
original idea. 

Dr. Hall would doubtless explain the mechanical or 
"lovers' " telephone by saying it is operated by the 
"incidental air waves," though the electrical telephone 
would do as well in the experiments I am about to 
mention, and he says it is so operated. The Doctor 
says: 

" Whatever aSriil movements are thus generated in the immediate 
cinity at the locomotive can nol, by any possibilify, travil at a zidedly 
et mart than four or Rvi feit B setsiid." — p, n8. 

1 put Up a mechanical telephone with lOO yards of 
wire. A friend stood twenty feet from the receiving 
instrument and clapped two books together. The ve- 
locity of light Is so enoimous that we may consider 
that I saw the action the moment it occurred. But how 
long did it take the sound of the concussion to reach 
me through the instrument? If the "incidental air 
waves " moved at the rate of five feet per second it would 
I take them four seconds to reach the transmitting instru- 
Iment, and even if the sound passed through the wire 
I in St an tan eou. sly I should not have heard the sound un- 
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til four seconds after I saw the movement. On the 
contrary the two impressions reached me at the same 
time, as near as the senses could judge. Consequently 
Dr. Hall is completely mistaken as to how fast "inci- 
dental air waves" can travel. A friend takes his place 
at the side of the phonograph, and I, thirty feet away, 
shout to his instrument; as the waves travel five feet 
per second he is not to turn the crank until six seconds 
afterwards, when the "incidental air waves" get 
there! 

My feeUngs overcome me and I turn to another 
part of the subject. Having conceded the most essen- 
tial points on the origin and complexity of sound 
waves, the Doctor next proceeds to yield the rest of the 
theory, namely their reception. It had been one of the 
essential points in his declaration of war that a mem- 
brane would respond to no sound except one having 
nearly its own time of vibration. * Now the diaphragm 

• The Doclor ignores some dUlinclions thml physicists mate. Thus Prof. C. 
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of the phonograph is merely a plate fastened at the 
edges. One does not have to try until he gets the 
proper pitch (namely, that of the diaphragm) before he 
can get the instrument to operate. On the contrary 
one can talk or sing with a varying pitch yet the dia- 
phragm catches and responds to the sound. 

If the diaphragm of the phonograph can do this 
why can not the drum-skin of the ear do as much? 
The sound of the phonograph has a nasal twang. 
Everyone knows that the sound of the telephone has 
the same disagreeable quality. Indeed, it may be true, 
and is, as far as my limited observation goes, that all 
vibrating diaphragms, operated as these are, have this 
quality. Dr. Hall has insisted, with great emphasis, 
upon the difficulty a diaphragm {bound all around, as it 
is) would have in taking those secondary vibrational 
forms that lead to the overtones. 

I have somewhere seen the statement that all sounds 
from which the ei'cn upper partials are absent, have this 
nasal quality. May it not be that the restraint upon 
the diaphragm leads to the elimination of this set of 
vibrations and consequent harmonics? 

Dr. Hall has admitted that what he calls "inciden-" 
tal air waves " may have marvelous complexity, trave^ 
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intricate courses, and produce remarkable effects — in 
short, they can do exactly what the wave theory attrib- 
utes to the sound air waves proper. What is this 
double set of workmen for when either is able to do 
the work alone? On the whole does not the Phono- 
graph offer demonstrative evidence (as far as we can 
have demonstrative evidence on this kind of a question) 
in favor of the wave theory of sound? When the 
Doctor's attention was first called to the phonograph 
he, with his magnificent powers of claiming every 
thing in sight, declared that the instrument furnished 
confirmatory evidence in favor of his doctrine. But it 
is noticeable that in all his periodical writings he has 
seldom, if ever, called attention to this witness' tes- 
timony. I admire the Doctor's judgment. No 
" substantialist " should ever call attention to the 
Phonograph's "confirmatory evidence"; the witness 
'wave theorist." 

Marcellus Thompson. 



CHAPTER VII. 



INTERFERENCE. 



In discussing the phenomenon of Interference, Dr. 
Hall says : 

** As one evidence that the law is without foundation in science or in 
fact, we need no better proof than the test here distinctly prescribed by 
lecturer himself, namely, the placing of two unison instruments half a 
wave-length apart, and then sounding them with listeners stationed in 
line either way to determine by actual observation the truth or falsity 
of the principle enunciated. Professor Tyndall distinctly tells us that 
two such instruments would not be heard in line, however loudly they 
might sound or however distinctly one alone could be heard if the other 
was silenced." — p. 283. 

Now I wish to say emphatically that Dr. Hall has 
completely misunderstood and seriously misrepresented 
Prof. Tyndall. I do not, however, mean to say that 
the misrepresentation is intentional. Prof. Tyndall, 
nor any other physicist, would say that if two tuning- 
forks be placed one-half a wave length apart and then 
each be bowed in the ordinary way that there will be 
any appreciable interference, if indeed any at all. Prof. 
Tyndall says this will occur if the phases of vibration 
are the same. And this condition puts an entirely 
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different construction on the whole article from that 
which Dr. Hall has given. I can not do better than 
give the whole of Prof. Tyndall's article, and this I do, 
omitting only the illustrations. 

■■When two unismnant luning-forks are sounded (either, it is 
easy to see that the forks may so vibrale that the condensations of the 
one shall coincide with the condensations of the other, and ihe rarefac- 
tions of ihe one with the rarefacLiuns of the other. If this be the case 
Ihe two forks *iH assist each oilier. The condensations will, in fact, 
become more condensed, the rarefactions more rareGed ; and as it is 
upon the difference of density between ihe condensations and rarefac- 
lioDS [hat loudness depends, the two vibrating forks thus supporting 
each other will produce a sound of greater intensity ihan that of eilher 
of them vibrating alone. 

" It is, however, also easy to see that two forks may be so relaled 
to each other that one of them shall require a condensation at Ihe place 
where the other requires a rarefaction ; that the one fork shall urge 
the air-particles forward, while Ihe other urges them backward. If the 
opposing forces be equal, particles so solicited will move neither back- 
ward nor forward, the aerial rest which thus corresponds to silence 
being the result. Thus, il is possible, by adding the sound of one fork 
to that of another to abolish the sounds of both. We have here a 
phenomeoon which, above all others, characterises wave-molion. It 
was this phenomenon, as manifested in optics, thai led to the undu- 
lalory theory of light, the moal cogent proof of that llieory being based 
upon Ihe fact that, by adding light to light, we may produce darkness, 
just as we can produce silence by adding sonnd to sound. 

" During the vjbralion of a luning-fork the distanie between Ihe 
two prongs is alternately increasing and diminishing. Lei us call the 
motion that increases Ihe dislaoce the oulward swing, and that 
which diminishes the distance the inward swing the of fork. AnJ 
M til suppost Ihttl our two forks {a and b. Fig, 150) reach the limiis of tktir 
ButMard S7ving and their inward rjdng at the same moment. In this case 
[he phases of iheir motion, to use the technical term, are the same. 
For Ihe sake of simplicity we will confine our attention to the righl- 
hand prongs (a and 6) of the forks, neglecting the other two prongs ; 
and now let us ask what must be Ihe distance between the prongs a 
and i, when the coudensations and rarefactions of both, Indicated 
respectively by the dark and light shading, coincide? A little reflec- 
tion will make it clear thai if the distance from A to <i be equal to the 
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Icneth of > wbulc lonoroiu wave, coincidence belwecn tlK I«o ijUims 
of wave! muil follow. The tame would evidentlr uccur were Ik !» 
tsDcc between a uid i two wave-lengths, three travc-lencdii, hm 
wsve-lcngthE— in short, an; Dumber of whole wave-leagtlis. latli 
»Dch caiet we shall have coiDci<lences of the two sjislems atwxrti, ud 
coQMijuenlly a re jii force nient of Che sound of ihc one fork by tbUoT 
the other. Both the coodeniialions and rarefactions belwecn a ud < 
[chcl ii, off lo one iidc of the forki] are, in this case, more pronoanceil 
than they woulJ be if either of the forks were suppressed. 

" But it the prong i be only half the length of a wase behind*, 
what rouil occur? Manifestly the rarefactions of one system of wans 
will then coincide with the condensations of the other syitein, the «ir 
to the right of a being reduced lo quiescence. This is shown in Fig. 
151, where the uniformity of the shading indicates an absence bolli of 
condensations and rarefaclions. \Mien i is two half wave-lengtlu 
behind a. the waves, ai already explained, support each other; wkea 
they arc three half wave-lengths apart they destroy each other. Or, 
expressed generally, wc have augmentation or destruction according u 
the distance between the two prongs amounts to an even or an oAi 
number of semi-undulations. Precisely the same is true of waves of 
light. If through any cause one system of etherial waves be an mn 
number of semi-undulations behind another system, the two systeins 
support each other when they coalesce, and we have more light If 
the one system be any adJ number of semi-uadu tat ions behind tlic 
other, they oppose each other, and a destructios of light is the result 
of their coalescence. The action here referred to, both as regards 
sound and light, is called interference." — Lectures vn Sound, pp. 
3S7-&-9. 

Dr. Hail quotes part of this passage, but he begins 
at about the middle of the third paragraph, with the 
words, "now let us asK. " etc. But any one can see 
that this method of quoting this passage is unfair; it 
leaves out the essential condition that Prof Tyndall haij 
laid down. The "substantialists " have just gloated 
over this quotation that Dr, Hall gives, and it does not 
seem to have occurred to one of them that it might be 1 
well to examine the original. 

But does some one ask "How can we get the 
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phases of vibration correctly arranged?" I reply that 
this is a somewhat difficult matter. 

If Dr. Hall had examined the catalogues of physical 
^paratus he would have found that it may be accom- 
plished in this way. The two forks are kept in vibra- 
tion, each by an electro-magnet almost in contact with 
it. the current being under the control of a third fork 
of the same pitch. The corresponding prongs of the 
two forks may thus be made to move in the same or 
opposite directions. 

Thus we see that this experiment in Interference 
requires costly apparatus. So let us study one that 
every person can try for himself. 

If we take a small tuning-fork, such as singers use. 
set it in vibration and then slowly revolve it in front of 
the ear we will find there are four places where the 
intensity of the sound reaches a maximum and four 
places where the sound dies, nearly, if not entirely, 
out. By careful examination we find that the sound is 
loudest when the back of one of the prongs is directed 
toward the ear. Two more points of maximum strength 
occur, namely, when the sides of both prongs are 
placed parallel with the ear. The points of minimum 
intensity are oppo.site the four outside corners of the 
prongs. A person is sometimes uncertain as to whether 
the extinction of sound is total or not. Rubber is a 
poor conductor of sound. Let the fork be revolved 
slowly in front of a narrow rubber tube and the person 
listening at the other end will find that there are points 
where there is no appreciable sound. 
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Let us studyfora min- — -.^ 
ute, from Fig. 3, the ac- '"■•. ' 

tion of the tuning-fork. 
The reader is supposed to J^ ■ 

be looking down upon the ■ lllll " lllll 

ends of the two prongs a f' \ 

and &. Suppose, at first, 

the two prongs are ap- _.-*' '■-.,_ 

preaching each other. -■■"" 
Then the air within the ^~ 3 

space £ is being condensed, and a wave of condensa- 
tion rolls at the same time into the quadrant / and into 
the quadrant w/. Each wave tends to pass all around 
the fork. But the same movements of the prongs that 
condensed the air within the space c also produced, 
waves of rarefaction within the quadrants x and y, and 
these move towards the fork, also tending to move ail' 
around the fork. But these waves of opposite kinds 
will meet, as we see, about along the dotted lines and 
neutralize each other, and this is where we find the 
sound is suppressed. The interference of a tuning-fork 
is so great that one prong will make more sound than 
both; this we know by passing a pasteboard tube c 
one prong, being careful not to let it touch the fork, 
when we find that the volume of sound is increas 
Experiments on the Interference of the tuning-fork can 
be tried by every one, and without expense, and every 
person interested in these subjects should try them fofi 
himself. 

If we take a large tuning-fork, such as those used 
by physicists, and turning the open end of the case 
toward a flat wall, there seem to be slight risings and 
fellings away of the sound as we walk softly toward the 
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wall, I think this phenomenon is caused by interfer- 
ence. A wave, say, of condensation passes from the 
fork to the wall and is reflected, it meets a wave of 
condensation and intensifies it, it next meets a wave of 
rarefaction and tends to neutralize it, and thus we have 
a variation in the intensity of the sound. 

A correspondent writes Dr. Hall as follows: 

" The lowest pedal-pipes of a church organ vary a great deil in 
effccl in different parts of ihe building. So marked is this variation, that 
sometimes ihey seem to ceise sounding. I have had a pedal note held 
and walked down the centre aisle, and at certain paints the pipe would 
be inaudible, and a change of not mrre than one step would bring the 
sound with great power. Only la^t Sunday, while playing an organ in 
this vicinity, where the keyboard is twenty-six feet from the c ise, the 
D pipe in the pedal bourdon did not sound, as I thought. After 
church I remarked on the fact to the organist, who had been silling 
only ibree feet from me, wheo, to my surprise, she pronounced it the 
best note in the pedal. I took the seat she had been occupying and 
found the note a splendid one. There was nothing between oar seat* 
and the front of the case, and the mouth of the pipe was in plain sight 
of as both. This fact you can verify by going into any church ; for, in 
my experience of many years as an organist and tuner, I have never 
seen an organ that did not illustrate this point in a greater or les 
degree. And this is only in flue-pipes, or those constructed on the 
principle of the whistle. Reed-pipes, or those having their tones pro- 
duced by a vibrator at the foot of the pipe, do not have this peculiarity, 
as far as my observation goes." — Microiosm, Vol. I., p. 21S. 

I believe that this phenomenon is caused by inter- 
ference. The reflected waves from different parts of 
the church are so concentrated on some one point that 
they neutralize entirely the direct wave, and silence is 
the result. We would expect the phenomenon would 
be more marked in the pedal-notes with their long 
wave-lengths. Dr. Hall talks all around this subject 
for awhile, but never talks on it, and closes with these 
words : 
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"Or course, this effect of apparent silence, described bjr Prof. 
Phelps, can not be attributed to the so-called law of interference, since 
that is caused entirely, as claimed, by tbe neutralizing effects of two 
sysletnsof air-waves so traveling togelhet that the condensations of one 
system will coalesce with ihe rarefactions of the otlier, and thus pro- 
duce quieacence of the air — which, of course, is all that conslilulei 
silence, according to the current theory. As the silence it certain 
points in the Boston church, as reported, is caused by a single pipe, 
and consequently by a single ajstem of air-waves, interference is out of 
the question." — Jiid, p. 219. 

This is a mere quibble on words, unworthy of a 
man who claims to be discussing broad principles. Dr. 
Hall knows as well as any one that a reflected wave is, 
as far as physical effects are concerned, a different wave 
and from a different source, as we see it illustrated in 
the echo. 

On page 307 Dr. Hall begins the discussion of the 
experiment of dividing a stream of sound, letting the 
parts pass through two branches, one of which is half 
a wave-length longer than the other, and then reunite, 
when it is found that the sound is diminished in volume. 
This has been explained by physicists by saying that 
condensation has been made to fall upon rarefaction, 
and Vice versa, and thus partial neutralization has taken 
place. Apparatus to accomplish this may be made in 
various ways. I made one for myself which is simpler 
and, I think, more convenient than the one Dr. Hall 
invented. 

The Doctor says that the difference in length be- 
tween the two arms is twenty-four inches (if an Ut3 
fork be used) instead of twenty-six inches, as the wave 
theory requires. I said it was impossible, in finding 
the depth of greatest resonance, to determine the exact 
point at which we should begin to measure. So, like- 



wise, it is impossible here. The diminution of sound 
begins at twenty-one or twenty-two inches, and con- 
tinues through a space of six or seven inches, and I do 
not think any one can tell the exact point where it is 
most marked. 

The Doctor also tried another experiment. He ad- 
justed both branch tubes (both were of rubber tubing) 
to exactly equal lengths. He then found that by 
pinching one of the branches about twelve inches from 
the point nearest the fork where it separated from the 
other branch that this diminution of sound also took 
place. This, he thinks, completely proves that the 
instrument does not illustrate anything in interference. 
I believe I can explain, at least to a certain extent, the 
Doctor's experiment. I had a piece of brass tubing 
with a tubulure set at right angles at its middle point. 
I attached a piece of rubber tubing to the tubulure and 
longer pieces to the ends of the brass tube. I closed 
the outer extremity of this branch at the tubulure. I 
then allowed a stream of sound from the fork to pass 
through the straight tube. I found that pinching this 
branch tube at about thirteen or fourteen inches from 
the junction caused a diminution in the amount of 
sound that would emerge from the farther end of the 
straight tube. Pinching at any other point had no 
effect. The cause of this is easy to see. A wave, say, 
of condensation was passing along the longer tube, 
when it came to the junction part went up the branch, 
was reflected and got back just in time to fall in with a 
rarefaction and tend to neutralize it. For, it had 
passed over a quarter of a wave-length twice, and con- 
densation and rarefaction are half a wave-length apart. 
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Here is amdicr e ^ i eri iiigt in InterlcFencc. 1 took 
two large ^ass tubes of abovt two iocli bore. I pushed 
coflcs into cadi aatil ibey had readied the depth of 

greatest rcsoaaDCe, wfaidi was ■ 

at about thirteen inches. 1 then 1 " 

set them at right an^es to each 
other, as in Fig. 4. with the 
open ends close to each other. 
A tuning-fork was then so 
placed that the back of one 
prong should be ton-ard one 
tube, and the sides of both 
prongs toward the other tube. 
We see then that if the prongs 
approach each other and send a wave of condensation 
down the tube b, that the same movement will send a 
wave of rarefaction into the tube a. and that these two 
waves will neutralize each other on their return, and there 
will no resonance come to the ear, or very little. But 
if one jar be carefully taken away the resonance of the 
other is plainly heard. To my mind this is a very con- 
clusive experiment, but it requires very careful manip- 
ulation to make it successtul. 

If a circular plate of brass or glass be firmly fast- 
ened at its middle point, and a violin bow be steadily 
drawn across its edge, it will give forth a musical sound. 
If sand be scattered over the plate and the bowing be 
such that the fundamental ?ound is produced, the sand 



I will be seen to arrange itself into two 1 



I at right 




angies to each other, as in Fig, 5. The 
sand moves from the parts of the plate , 
that are in vibration to the parts that are v- 
at rest. As the sectors a and b move \ 
upward the sectors c and d move down- 
ward, and vice versa. That is, two ad- 
jacent sectors are always moving in op- ^ig. 5 
posite directions, while two opposite ones move in the 
same direction. Capt. R. Kelso Carter admits that 
this is the movement of a " Chladni " plate, as these 
are called. {^Microcosm, Vol. III., p. 180.) Then 
when a and b have over them a wave of condensation, 
c and d have over them a wave of rarefaction, and vice 
versa. 

Provide a tin tube about a yard long, made in two 
parts, so as to telescope one within the other. The 
extremity of one of the branches terminates 
in two smaller branches, as in Fig. 6. Place 
the sounding plate in a horizontal position, 
and hold the tube vertically over it, so that 
the two branches are over the sectors a and 
b. When the length of the tube is correctly 
adjusted, a marked resonance is heard ; for 
these two sectors are moving together and 
are simultaneously throwing waves of con- j, 

densation and waves of rarefaction into the jy^^ 
' tube. Now revolve the tube so that the 
branches shall stand over the two adjacent "' 

sectors, as a and d. These two sectors are moving in 
opposite directions, and as one sends a wave of conden- 
sation into the tube, the other sector sends in a wave 
of rarefaction, and, as we would expect, the resonance 
almost if not entirely disappears. The experiment can j 
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and we can see no connection between the various ex- 
planations. But the phenomena are evidently closely 
related, and the explanations should show some con- 
nection. Interference comes in as a general explanation, 
and simplifies the whole subject wonderfully. 



CHAPTER VIII. 

THE DECREASE OF SOUND INTENSITY. 

On page i6i the Doctor begins a web of sophistry, 
and prolongs it to a great length — indeed, until he gets 
lost in his own labyrinth, and then, thinking every body 
else to be confused like himself, he characteristically 
exclaims, **.The whole world is bewildered.'* 

The gist of the question is this : Does it make any 
difference what shall be the unit of measure in stating 
ratios ? The Doctor says it does, and argues in favor 
of his view most strenuously. According to him, 
synonymous expressions will not do, and involve an 
absurdity. If the body to be measured is large and we 
assume a small unit of measurement, it does not be- 
come a mere question of inconvenience. It involves a 
gross and inexcusable error in the result. Or it is the 
same unpardonable sin to assume a large standard when 
the object to be measured is small. Concerning Prof. 
Tyndall, he says : 

** I say accidental, because it is entirely certain, in reading his 

Statement of this law governing such rj^tio of decrease in loudness * as 

"5 
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the square of the distance," already quoted, that he had not the mo 
remote idea that it would make any difference what measure was en 
ployed in computing such comparative decrease — supposing, as any nt 
can see by reading his staleinem, that the result would be exaelty li . 
same whether we used miles, rods, feet or inches, or otherwise, he wouM 
surely never have employed ' feet ' without some sort of qualificatf "^^ 
to the range of the sound to be taken into account, thus comn 
himself, as be has done, to a fallacy in science of which be w 
ashamed at long as he lives." — p. 165. 

Prof. Tyndall undoubtedly thought it makes no dif- 
ference what shall be the standard unit of measure in 
estimating the decrease of sotind. And a. man need 
only have three things to lead him to agree with Prof.. 
Tyndall, namely, a clear head, a moderate amount ( 
arithmetic, and good common sense. 

The computation of the decrease of sound is always 
a ratio, the comparative strength of the sound at two 
different points in its journey; one of these points,, 
however, may be the origin. The Doctor says : 



the superficiality of Prof, Tya- 
mining the decrease in a s 
e was applicable to nil souodl)j 
I suunds is tebs than a fnot." — ' 



" But the clearest demonstra: 
doll's use of • feet ' in his ratio fo; 
(leaving us to infer that the same 1 
is the fact that the entire range o 
p. 165- 

Again he says : 

" Another sound of greater range or greater intensity ttt the starti 
might have its proportionate decrease in intensity approximately com> 
puted by employing ' feet' as the meosure, while a very loud sound, 
such as that of the steam siren, having a range of ten miles, wouli 
evidently require a long measure to even approximate the true propan 
tion."— p. 164. 

The Doctor and I take a walk together. We comi 
to tivo tall buildings, and one of us says, "I wondei 
what their relative height is?" We ascend the lower: 



building; I let down a string and say, "This one is 600 
inches high." The Doctor rends his garments, casts 
ashes upon his head, and exclaims: " What! You cer- 
tainly do not intend to use so short a unit when the 
distance to be measured is so great? Do you not know 
that in calculating latios the unit of measure must be 
a long one if the distances to be compared are long? 
That is the basis of a large share of my philosophy." 
I reply: " We have begun with this unit, let us finish 
it so. Possibly you can get some data for another ar- 
ticle in your paper to show what fools the physicists 



I measure the other building and say, "This one is 
720 inches high. " That is, their two heights are as five 
to six. If one-fifth of 600 be added to itself it will 
equal 720. "Now," exclaims the Doctor, "take a 
reasonable standard — a foot, for example," I take the 
measure, and reply, "The height of one building is 
fifty feet, of the other sixty. The ratio between these 
two numbers is the same as before, that is, as five to 
six." The Doctor says, "Well, that is strange," and 
we continue our walk. 

We meet an acquaintance, a little boy who has just 
killed an enormous snake with a pole one rod long that 
some surveyors had been using. I say, "My boy, the 
enemy you have slain must be about twice as long as 
yourself. I will use this pole to calculate the ratio." 
The portly figure of the Doctor bounds into the air as he 
exclaims, "Now I have you. Your unit of measure is 
greater than the distances to be compared, and 1 know 
that will not work, " I measure, and find that the boy is 
one-fourth of a rod, the snake is one-half of a rod ; the 
ratio between them is as one to two. 1 say. " I see 
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this rod has the feet marked on it I will use a smaller 
unit," I find that the boy is four feet one and one-half 
inches, the snake is eight feet three inches. The ratio 
between these Is as one to two, tlie same as before. 

The Doctor says : "I lost faith in the books on 
Natural Philosophy a good while ago, and now I have 
lost faith in all our books on arlthmhtic. I see this 
another enemy of substantiaUsm that must be gotten 
out of the way." 

The Doctor seems depressed in spirits, and vn 
turn to our homes, he to write an editorial on tlie stub* 
born resistance of the ' ' scientific parrots" to truth, and 
I to continue my reading on the "Law of Decrease ol 
Sound Intensity," as presented by Dr. Hall. My eyes 
fall listlessly on the following words : 

■' Why did nal this careful physicist, if he if as careful as be ij 
repuled to be, adopt meters, or rods, or inches, or furlongs, or 
or leagues as his measure, instead of ' feel '? Possibly we shall find ool 
the reason after a little. Had he employed rods, for example, 
measure for determining this decrease in loudness as the square < 
distance from the sounding body in the place of feet, we would Iidc 
the sound of the steam siren, at a distance of ten miles, diminished ii 
loudness only me one lo,ooo,oooth, instead of the one 2,ooo.ooo.ooatl), 
as recently seen to be the case when Teet' were employed s 
measure," etc.— p. 163. 

Though this problem is not deep, the Doctor sccmS 
to have gotten beyond his depth in this calculation am 
misunderstood his own figures. 

1st. Taking a rod as the unit. The intensity at tei 
miles (3,200 rods) is found by this law to be the cm 
IO,000,oooth of what it is at one rod from the source 
sound. 

2nd. Taking a foot as the unit. The intensity si 
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ten miles (52,800 feet) is found to be the one 2,000,- 
000,000th of what it is at one foot from the origin. 

That is the secret of Dr. Hall's difficulty. When a 
man insists on using two units of measure in the same 
probiem he can come to astonishing results — that is, 
astonishing to himself but to no one else. 

Yet passages like the above quotation the Doctor's 
admirers call " using figures with crushing power," 

In the arithmetics there are given directions some- 
thing like these for stating a problem in proportion: 

"Write the third term. If by inspection of the 
problem it is seen that the desired answer should be 
greater than the third term, write the larger of the 
remaining numbers for the second term and the less for 
the first." 

So in applying a rule in Philosophy, is one not 
allowed to use his common sense? Dr. Hall even 
appears as the champion of common sense in science, 
but he wants us to abandon our own and use his. But 
must we all sneeze when he takes snuff? 

The best rules are useless to him who has no idea 
of propriety in their application. 

I once heard of a father who was much troubled by 
his son's hasty and inappropriate remarks. He talked 
to the boy very seriously about it and told him to think 
three times before speaking. 

A few days afterward the father was standing with 
his back to the fire when the boy said, "Father, I 
think." "That is right, my son," replied the father, 
" I am glad you have not forgotten what I said." 

"Father, I think," said the boy. "You are learn- 
ing rapidly," replied the father. "Father, I think." 
at is right, my boy, now what do you think?" 
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"I think your coat tail is on fire." A hasty examina- 
tion that was then made by tlie father showed that the 
boy had thought correctly. 

The rule was good enough, but it was worse than 
useless to him who had no sense of fitness as to its 
application. 

So this law for the decrease of sound has been use- 
less to Dr. Hall. If the Doctor wishes to reverse thfr 
direction let him also reverse the rule. Instead o£ 
saying that the Intensity of a sound varies inversely as 
the square of the distance from the center, let him say 
the intensity varies directly as the square of the distance: 
from the circumference, 

At four miles from the siren the sound has one- 
fourth the intensity that it has at two miles, and at. 
eight miles it has one-fourth the intensity that it has at 
four miles. 

Or, if he wishes to calculate from the outside, let 
him place the numbers directly, instead of inversely, 
and he will find that the sound is four times as loud at 
four miles from the circumference that it is at two miles 
from it. 

But, after all this tirade about "the infinite noi 
sense of the whole formula," it appears that the Doctori 
believes in the truthfulness of the law himself, for at 
the bottom of page 155. and several times afterward, 
he assumes it in stating his own doctrine as to the 
decrease of sound. 

And the reason he assumes it is this. He says the 
intensity of a sound will depend on the number of cor- 
puscles that strike the ear. The corpuscles are passing 
out in a spherical shell. They pass to a larger shell^i 
and can not be so thick, for they are spread over more 
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Space. But when the radii of spheres vary, their sur- 
faces vary according to the mathematical law we are 
discussing. 

The law has forever been given as a mathematical 
law, not experimental. And the Doctor found himself 
driven by mathematics to use it. I will speak of its 
experimental side again. 

Just for one moment look at the following. It is a 
triumph in the art of muddling one's self: 

" Now, this sound [of the midge], like all others, decreaiies in 
loudness according to tbe same uniform law, call it as the square of the 
distance from its source, if you like, to the extreme limit of its audibil- 
ity, which it does as literally and truly as does the sound of a steam 
siren with its effective range of ten miles. Yet, how laughably abfurd 
it would be to apply Prof. Tyadall's measure of ' feet ' to the music of 
these ephemera. Let us try it. If the distance from the midge be two 
feet, the loudness of the sound will be one-fonrth ; if the distance be 
three feet, the loudness will be one-ninth ; if the distance be four feet, 
the loudness will be one-sixteenth, and so on. Vet the sound entirely 
ceases within a single fool, and thus passes through all the gradations 
of decrease as the square of the distance, and even through a greater 
progression of diminution within this foot than the sound of a fog-horn 
passes through in a range of ten miles, since it is still distinctly heard 
St th.it distance. To employ ' feel,' therefore, in computing the ratio 
of deurease in the loudness of the sound of a gnat would be a measure 
»bout as much out of proportion one way as it would be enormously 
too small when applied to the sound of a steam siren. "^pp. 165-6. 

Now, is it absolutely incorrect to state the height 
of a man in miles, i. e., in a given fraction of a mile? 

And, if the height of two men be so expressed, can 
not the ratio be made out as well as though their 
heights had been expressed in feet and inches? 

Will not the ratio in the two cases be the same? 

Does it make any material difference, or is it not a 
mere matter of convenience? 



N 
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Can not the weight of the Doctor's &vonte ' ' Locust " 
be expressed in tons as weH as in gTains. or has the 
"Singing Evangelist" of the new dispensation in Phil- 
oiiophy so dissipated himself in "sonorous corpuscles" 
by this time that the fraction is beyond the power o| 
human endeavor to express ? 

Truly, Doctor, it makes no material diflerence what 
unit be taken in applying the law that sound decreases 
inversely as the square of the distance, — it may be 
fnilcN, rods, feet, inches or any other standard ; how- 
ever, the same standard must be maintained throughout 
the juime problem. 

And when in two problems two standards have been 
used, their results can not be compared without first 
reducing them to the same denomination. 

Ji a man sixty inches in height taller than a m 
•Ix feet nimply because the absolute numbers seem 
(mikale it ? 

ft ml^ht seem wholly unnecessary to remind 
tJocior (»f \jxw% of such elementary principles, but the 
Cane pininly demands it. 

Hut the truth is the Doctor's intellect, as I have 
mtM, bad previously become demoralized in trying to 
ajiply the rule backwards, which he accomplished in 
the r^llowing amazing manner: 

"Th»« il no MC«pe from this, for we can almost use the Profes- 
tut"* uwn wofdt, and any. At two feel from this len-mile limit, pass 
tug towtfil Itit iircn, the sound is four times as loud; at three feet, il 
i* tilna tlnir* u load ; at four feet, it is sixteen times as loud; at tel 
(*n, It U roo tlmu M loud; at loo feet, it is io,ocn} times as load; uuj 
al 1,000 r«ct, il I*, of courw, 1,000,000 times as loud. 

Vet 1,000 feel nearer the siren, at such a remote sUUoD (lea 
than (hi) fiftieth of the diBtnnce), would evidently nol make a difference 
in the h^iudtieu of the sound, which could ha.rdly be detected by tli 
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formula makes the sound incr 
this comparatively trifling space. 

Can a theory be worthy of this enlightened age, or make any 
claim upon the inlelligeuce of the reader as a. scientific hypothesis, 
which depends for its existence on the inculcation of such a monstrous 
fallacy of science as this ratio of decrease in sound, gravely formulated 
by this eminent physicist?" — p. 153. 

As f have said, the law is generally stated in words, 
something like these : ' ' The intensity of a sotind varies 
inversely as the square of the distance from the sound- 
ing body." 

The manner of applying it may be illustrated in the 
following problem : 

What is the relative intensity of a sound at two and 
four miles from the sounding body? 

The square of two is four, and the square of four is 
sixteen, and the intensities will be to each other, in- 
versely, as the squares, that is, as sixteen is to four, or 
the intensity is four times as great at the nearer station. 

Or, if the Doctor wishes to do so, he can first 
reduce the miles to inches, and then make the calcula- 
tion, and he will be surprised to find that the ratio 
comes out the same that it did in the first case. 

And, as we have just seen, the rule is like a loco- 
motive — works as well backwards as forwards — if we 
only know how to reverse the valves. 

Many physicists have pointed out the fact that there 
must be some loss of energy by friction as the sound 
passes through the air, hence the decrease of intensity 
should be greater than the law requires. 

To my mind many physicists have failed to note a 
point thus discussed by Prof. Avery. Quoting from aj 
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scientific friend who is pointing out the difference be* 
tween the loudness and intensity of sound, he says: 

"There enisls tht: same distinctiiiQ between quanlity and intensitj 
as in eleclridly. Attached to the violin, tlie whnle of the woodi 
vibrates, though w th no greater amplitude than the siring, i 
less, but the quantity of tone is far greater. 

"SoTyndall's deal rod, reaching down to the sounding-board, fiti| 
s below, had as much amplitude of vibration, and as much ii 
tensity of sound, as when a violin was laid on its upper end, but tl 
quantity (and loudness) was, in the former case, small and in the inltq 

"So a battery of large cells i 

" An intensity battery of ten 

t than a single cell does, 

o depend on quantity, 

'In fact, it depends on both 



which yields to the bow a painfully it 

all loud. Some hiss viols yield a great quantity of sound ( ike si 
es) which, after all, penetrates but a short distance a 
sound 'hollow.' "—Handbook, p. loi. 

Prof Henry says : 

"Tbereisadifferci 
ness. Two sounds may be equally li 
differ very much in regard to their being heard ai 
nesa depending upon the intensity of si 
n of the 
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" So ihal we have lo consider three things in estimating the in- 
tensity of a sound, 1. f., the force with which it fills upon the ear. 

" (I) The amplitude of a sound-wave, 1. e., the distaoce each par- 
ticle moves. 

" (z) The velocity with which the particles move. 

" (3) The distance which the sound has traveled. 

"This last is quite distinct from the motion of each particle, and 
depends entirely upon the distance between the origin of sound and 
the car. Thus, if I put a watch first close to my ear, and then on a 
table at the other end of the room, the distances are very different, but 
the ampiiluJe of the sound-wave, and the velocJLy of each particle of 
air, in moving to ajid fro, are the same, «'. e., the watch does the same 
work in either case. 

"Practically, the intensity of a sound 15 the force with which the 
ear is struck by the particles of air in contact with it. 

" If the ear were at the limit of the first wave (1), it would be 
struck with greater force than if at the limit of the second wave, and 
generally the great r the distance the less the sound, because of its 
diffusion. The law of diffusion for sound, as for light and heat, is 
inversely as the square of the distance, i. i., at twice any given distance 
a sound is reduced to one-fourth, at three times that distance to one- 
ninth." — Eiemeniary Haitdiuek of Physics, p. 22. 

We notice that Prof. Rossiter states the law with an 
indefinite standard — "any given distance." 

Prof. Tyndail used a definite standard (foot), and 
Dr. Hall, in his attempt to twist that fact into an argu- 
ment, rendered himself supremely ridiculous. Dr. Hall 
is astonished that so many of the ablest men are satis- 
fied with a rapid examination of his book and refuse to 
read it. 

The Doctor's explanation, that it is bigotry and 
intolerance, does not meet the case. 

The real reason is this. Sophistries, like these 
arguments of his on the decrease of sound intensity, 
are seen in a moment by any intelligent man who is 
accustomed to study physical problems, and he thinks 
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it a waste of time to wade through all that mass of 
wordy trash. 

As Prof Rossiter says, this law of inverse squares 
is also given in the philosophies as applying to light. 

The electrical light companies have for years been 
using this law to calculate the illuminating power of 
their lamps — stating it as so many ** candle power.*' 
The same line of reasoning led to its being formulated 
for one as for the other. 

When these companies have so many hundreds of 
thousands of dollars involved, is it not strange that 
they have never discovered that the law they have 
been using so long is ridiculous nonsense? 

Theoretical errors become quite apparent when 
looked at through a piece of coin. 

Every one knows that the velocity of water is 
greatly reduced by flowing through small pipes^ and 
that the retardation is greater the smaller the tube. 

This has always been attributed to friction — the 
simplest and most satisfactory explanation. 

But it is known that the velocity of sound in tubes 
is not so great as in free air, and that the retardation is 
greater the smaller the tube. 

Discussions of this are not difficult to find. I give 
one quotation: 

** M.Kundt has established that the velocity of the propagation of 
sound diminishes with the diameter of the tube, — the diminution, how- 
ever, only becomes sensible at a diameter equal to one-fourth of the 
length of the wave of sound or note yielded. Above this diameter, 
and in larger tubes, the velocity remains the same. 

" He finds, also, that the diminution of the velocity of sound in 
tubes full of air increases with the length of the waves of sound." — 
A'melaftd^s Annual of Scientific Disciruery for jS6g^ p. 178. 
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Is not this most easily explained by saying that the 
waves of air meet with resistance by friction against the 

side of the tube? 

A wave is a unite, and hence can be retarded. 

But a volley of pellets is not a unit, but a collection 
of units, and all would not be impeded by a resistance 
that the ones at the side might meet with. 

A cannon ball fired through a tunnel would have as 
great a velocity as in the open air. 

Now. there is a consideration that applies to the 
whole of the preceding discussion, and we will spend a 
few moments upon it, though it is a subject much too 
large to be discussed in an article of such humble as- 
pirations as this one, even if I had the ability to treat 
it profoundly, and which I have not. 

The Doctor often speaks of one sound being so 
many times louder than another, as judged by the ear. 

Scientific men have often called attention to the fact 
that we can not say with certainty that one sensation 
is so many times stronger than another. 

We can state with some certainty that two sensa- 
tions of the same kind are about equal, but we can not 
state ratios between unequal sensations with any degree 
of exactness. 

This fact is recognized in commercial transactions. 
One sugar is said to be two and one-half times as sweet 
as another. That ratio was not determined by first 
tasting one piece and then the other. 

One way of deducing such a ratio is this. A given 
quantity of water, say a pint, is sweetened with perhaps 
an ounce of sugar. Small quantities of the sugar with 
which the first is to be compared are added to a second 
until the taste judges the second pint to be as sweet as 
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as the first. If two and one-half ounces were required 
to make the sweetness of the second equal to that of 
the first, the first sugar is said to be two and one-half 
times as sweet as the second. 

The tongue can decide that one sensation is stronger 
than another, but it can determine no ratio except 
equality, and not even that with exactness. So with 
all the sensations. 

If first one lamp Jje brought into a room and then 
four more, does it seem five times as light in the second 
case as in the first ? 

It seems lighter, it is true, but does it appear five 
times as light ? 

It seems to me that every one must answer in the 
negative, yet five lamps certainly make five times as 
much physical disturbance as one lamp. It makes no 
difference to the argument whether that disturbance be 
waves of ether or pulses of corpuscles. Thus we 
see if a sensation be once aroused, to increase greatly 
the exciting cause does not increase the sensation 
much. 

Sound has both its objective and subjective side. 
Webster gives these two definitions of sound : 

** 1st. The perceived object occasioned by the impulse or vibration 
of a material substance affecting the ear ; a sensation or perception of 
the mind received through the ear, and produced by the impulse or 
vibration of the air or other medium with which the e r is in contact; 
the effect of an impression made on the organs of hearing by an im- 
pulse or vibration of the air, caused by a collision of bodies or by other 
means. 

** 2nd. The occasion of sound; the impulse or vibration which 
would occasion a sound to a percipient if present with unimpaired 
organs." 

This question has often been asked. A tree falls 
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on an uninhabited island, where there is absolutely no 
animal life, is there any sound caused by the fall ? 

This question is susceptible of two diametrically 
opposite answers, according to which definition of the 
word sound we take. 

Both barrels of a shot gun, when fired together, 
make more noise than either fired alone, but I do not 
think that any one who notices carefully will think that 
the sound is really twice as loud. Yet the physical 
disturbance must be twice as great. 

A "double quartette" does not appear to sing 
twice as loud as a " quartette. " 

1 have heard a solo singer fill a large hall with sound 
and have wondered whether several such singers would 
not make a sound that would be painful in its loudness. 
Yet we know that a chorus of several hundred voices 
has a tone of only pleasant fullness. 

A single musket makes a noise that is almost stun- 
ing in its intensity; the muskets of a regiment do not 
paralize the auditory nerve. 

These facts are so strongly marked that scientists 
have divided the subjects into two departments: 

(i) The subjective, physiological side; sound re- 
garded as a sensation, 

(2} The physical, or mathematical side; sound re- 
garded as a physical disturbance. 

This second division is the one considered in the 
text- books. 

The first is almost ignored, and for the very best of 
reasons — because almost nothing is known about it. 

The writers think they are not called upon to ex- 
patiate at great length upon a subject they know so 
little. Dr. Hall did not know which side of the subject 
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he was treating, and many of his followers do not 
know which side of the subject they are considering, 
yet some of these say they have been teachers of physi- 
science for years. 

So difficult is the sensational side of acoustics con- 
sidered to be, that physicists have almost universally 
considered the question purely on the mathematical 
side; 

They have known well enough that if the physical 
disturbance which we call sound be increased, that the 
sensation produced by it will not appear to be increased 
in the same ratio, but they have generally depended on 
the mathematical calculation and have not tried to 
measure the sensation. 

I tried a rude experiment which may throw sonie 
little light on the question why the intensity of a sound 
does not seem to be in proportion to the physical dis- 
turbance causing the sensation. 

I stretched a cat-gut string three feet long in a 
horizontal position. 

I hung and ounce weight upon its middle point. It 
sank the .5 of an inch. I then hung an ounce weight 
from that. It sank the .3 of an inch. I then attached 
another* ounce. It sank the .2 bf an inch. 

It may be that a slight push can cause the tym- 
panum to yield considerably, while a hard push can not 
cause it to deflect much more. 

And the sensation may be in proportion, not to the 
energy, but to the amount the tympanum yields. 

But this is only a wild guess and is, I know, un- 
satisfactory. 




WAVE MOTION. 



Waves are generally divided into two classes: I. 
"Gravity waves," and 3. " Waves of elasticity. " The 
nature of the force that keeps up the vibratory motion 
is instantly seen to be the basis of the classification. In 
one it is the gravity, in the other the elasticity of the 
medium. Water-waves belong to the class of "gravity 
waves ;" sound-waves belong to the other division — 
"waves of elasticity. " In each the motion of a particle 
is closely allied to that of a pendulum, a swinging of 
the particle, with a varying velocity, back and forth 
past its point of equilibrium, but at which point it will 
finally come to rest. 

"Gravity waves " may be divided into three classes, 
but which merge into each other; i. "Stationary 
waves." 2. "Progressive waves." 3. "Waves of 
translation." "Stationary waves" are not common. 
A trough of water can be made to produce them by 
being shaken skillfully. In them the particle moves in 
a verticle line. The fenn of the wave even does not 



appear to advance. It does not make the imprea 
on the eye that there is any progressive motion, 
crest merely appears to sink until it becomes a trou 
and then rises again in the same place. They can 
seen rather frequently among wharfs after the water 
been rough. 

' ' Progressive waves " are by far the most comr 
of all. These leave the impression on the eye that 
wave is rapidly moving forward. But if the wave 
studied, it is found that it is form only that has 
progressive motion, not the material of the wave. P 
Rossiter, as quoted in the first chapter, brings 
thought out clearly. The motion of the particle; 
the wave, if studied by foreign particles distributed 
it, is found to be up and down almost in a verticle li 
There is a very alight movement of the particles 
ward, and especially is this true if the water 
too shallow, but the excess of water goes back ir 
" under-tow." If the wave comes into water too s 
low for waves of that size, the base of the wave if 
tarded — it is said to " drag bottom " — while the toj 
the wave maintains its velocity, and at last falls forw 
forming "breakers." " White-caps" are formed by 
wind blowing off the top of the waves. 

In the "wave of translation," caused largely! 
long wave "dragging bottom," not only the forr 
the wave moves forward, but the particles of the w 
also have an onward movement. Hence a wave of 
kind may be very destructive. The best exampl 
the " Great sea wave," caused by earthquakes. In 
the destruction of Lisbon this wave of translation 
s destructive to life as the earthquake itself. 

Thus far I have spoken in general terms, and 



out regard to the minutia of scientific accuracy. But 
it is of the utmost importance to note the following 
distinction. In all these waves (except the last) the 
particles making up the wave move in almost a verticle 
line, because gravity acts in a verticle line. But when 
we come to ' ' waves of elasticity " we can not say that 
the particles move in a verticle or horizontal line, or 
any particular direction as related to these. 

A water-wave is always propagated in a horizontal 
direction because the surface of a liquid is horizontal ; 
the particles of which the wave is made up, however, 
move in a verticle line, because gravity so acts ; hence 
the particle always moves across the " line of propaga- 
tion. " But a wave of elasticity (as a sound-wave) may 
be propagated in any direction — as up, down or hori- 
zontally. 

In tiie sound-wave the particle does not vibrate 
across the " line of propagation, " but ^«^ it. They 
are "longitudinal," not "transverse," vibrations. 

Water-waves have "crests"and "troughs." Waves 
of elasticity have a point of "condensation" and a 
point of "rarefaction," which are generally taken as 
corresponding to the "crest" and "trough" respect- 
ively. Thus we see that while these two classes of 
waves are closely allied, yet they have a distinct line 
of demarkation between them. And, unless the differ- 
ence, as well as the similarity is understood, it is impos- 
sible to understand the current doctrine as to the prop- 
agation of sound. 

Dr. Hall has been at great pains to explain to the 
world that he does not understand it, but that would 
have been very evident even if he had not said half so 
much about it. 
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In sound-waves we see that the particle moves back 
and forth along the " line of propagation" in whicb 
the sound is moving — hence tangential rebound occura 
the more easily. In water-waves the particle moves 
across the line of propagation, that is, more or less 
parallel with the obstruction. In sound-waves the par- 
ticle vibrating, as it does, along the line of propagation^. 
strikes the obstruction a real blow. 

On the subject of tangential rebound Dr. Hall says^ 

" TangEHtial rebound, which is all there is of reflection, is only 
predicable, theretore, of llie atoms of a substance moving forward 
a certain velocity, being suddenly impeded by a resisting surface, 
child can fully comprehend in bounding its ball."— p. 122. 

The Doctor "builded better than he knew" that 
time. 

I have .said that in- water-waves the " line of pr6pa-. 
gation " is always horizontal, and as the particles o^ 
water vibrate across this line they must move tip aru 
down. But the "line of propagation " in 'sound-waves- 
may be horizontal, vertical or any other direction, and' 
as the particle moves back mid forth along it we can not 
apply the phrase "up and down " to them, but we can J 
say they move "to and fro," referring to the line &f J 
propagation. Any one can instantly see that a persorffl 
wlio fails to grasp this thought has utterly failed to unsT 
derstand wave-motion. This distinction is at the gistj 
of the whole matter. 

Yet, after all that Dr. Hall has written on the sub 
ject, he does not understand the distinction ; in fact, h^ 
does not seem to know that such a distinction existSiJ 
For one proof only, but a conclusive one, of this s 
ment, please read this extract : 
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" All writers on sound lell us Ihal the material particles of any 
body constituting the sonorous wave, thouEh they do not travel forward 
with the undulation or swell, yet have a ' to and fro ' movement, mure 
1^ and atur dawn as each wave passes, as obiierved in the up ami down 
Wveinent of a chip floating on the surface of water disturbed by 
WSMs." — p. 236. 

This passage overwhelmingly proves that Dr. Hal! 
thinks the phrase "up and down," by which physicisits 
describe the motion of water-waves, or "waves of 
gravity," can also be used to describe the motion of 
sound-waves, or " waves ol elasticity," a motion that 
physicists describe by the phrase "to and fro." He 
thinks those phrases can be used interchangeably. 

When a man fails to understand a fundamental dis- 
tinction like this, his opinion on the minutia of the 
question is worthless. Dr. Hall never, it seems, thought 
of any waves except those of gravity. These have no 
points of "condensation" or "rarefaction." It be- 
comes a curious question as to what conception those 
words must arouse in Dr. Hall's mind when he sees 
them in scientific books. If we fail to see this distinc- 
tion, all the physicists say concerning wave-motion and 
the propagation of sound is but a jumble of words; 
seeing the distinction, the meaning is clear. 

Keeping this distinction in our minds, let us look at 
some quotations : 

" In waier-waves we distinguish carefully between the motion of 
the wave and the motion of the water which forms the wave; so here, 
the wave -motion is totally different from the motion of the air itself. 
The wave, i. r., the state of condensation and subsequent rarefaction, 
travels swiftly forward ; but the masses of air, which suffer these con- 
dcDBBtions and rarefactions, simply trtmUe in the \ine of that motuni." — 
Olmsted's Collegt PMlosephy, p. 187. 

" By a wave of sound is meant an undulation, or wave-like n 
communicaled to the paiCicles of air in consequence of the vibration o| 
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the sounding body. It coiisista ol two parts, one in which the 
condensed, called a condensation, and the other in which the . 
rarefied, called a rarefaction. V^hilst the undulalion or wave is ■ 
milted through the air, the atrial particles iheuiselves have but a 
small motion to and fro, in the direction in which the sound is propng*- 
galed. Such oscillatory movements are necessarily attended by 
densalions and rarefactions." — Lt/'s Acoustia, Lrght, and Heat, p. 1! 

" The motion of any particle is backward and forward in Ihc line 
of propagation, and not ' up and down " across that line, ai in the cai 
of water- waves. "^-^wiy'i Elcininls of Nataral PkUnsophy, p. 371. 

" He [Newton] has explained the progression of sound by an undi 
latoty, or rather a vermicular motion in the parts of the air. If w 
have an enact idea, of the crawling of some insects, we shall have « 
tolerable notion of the progression of sound upon this hypothesis, 

hinder part, in order to throw its fore part to the proper distance, IhelL' 
it carries its contractions from the fore part to the hinder, lo bring ihaC 
forward. Something similar to this is the motion of the air when sli 
upon by a sounding body." — NUhobon's Encyelajiadia, art. "Aconsti 

" Tbe vibrations of the paitidesi in an undulation of this kind, 
called longitudinal; and it is by such vibrations that sound is propagateil 
through the 9\t."—Deichantts Eiemcniary Treatise ott Natural Philoits 
fhy, p. S76. 

"Waves are longitudinal or tranwerse, according as the partidt 
vibrate in the same plane with the path of the wave, or across iL"- 
Gage's hlements of Physics, p, 431. 

I also ask the reader to examine the list of quota 
tions given on pages 78 and 79 of Dr. Hall's book. 

As we shall see, there is no fixed ratio between the 
velocity of particles of a wave and the velocity of the 
form of a wave. This thought is still in a chaotic con 
dition in Dr. Hall's mind. 

The Doctor has wasted a great deal of printer's inl 
in teliing the world that he does not know that the terd 
"water-wave" is a generic, not a specific term. (A* 
an illustration, see page 338.) The term "water-wave" 
is generic, and applies to any '" gravity wave," It ii 
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iScates the kind of wave, not the material in which it 
moves. The German stil! calls the railroad the iron- 
way, though it is no longer made of iron, but of steel, 
and probably always will, whatever the material of 
which it may be made. 

What should be thought of the logical acumen of a 
man who, in some coming generation, should try to 
prove that we in this latter part of this nineteenth cen- 
tury still used wooden plows because, forsooth, we still 
used the word ' ' vnoXd-board ' ' when describing the parts 
of a plow ? It would only suggest that this part of a 
plow was once a board. So waves were first studied in 
water, but the term " water-wave" has become generic. 
"Water-waves " may run in water, molasses or mercury, 
and if mighty billows rol! along the upper surface of 
the atmosphere they are still water-waves. 

Likewise has the term ' ' air-wave " become generic, 
" Air-waves" may run in air, water, lead, brass or any 
other material. Yet the Doctor tells us that if an air- 
wave (that is, a wave in air) is transmitted to iron it be- 
comes an iron-wave ; if, then, it is transmitted to a rock 
it becomes a rock-wave, and so on, ad nauseam. 

Dr. Hall has spoiled a great many pages of nice 
white paper trying to make sensible people sick by put- 
ting such stuff upon it. But it may be asked, " What 
are you going to do with the phrases ' precisely similar 
nature,' ' essentially identical ' and ' exactly in the same 
way'?" I reply, "I am not going to do anything 
with them; they do not trouble me." I would say, 
however, that they are not taken from the original. 
Prof. Helmholtz writes his books in his own language — 
the German. I have never seen a copy of the "Sen- 
sations of Tone" in the original, and can not say 
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whether the translation is correct or not. I do not ; 
pose Dr. Hall had ever seen such a copy when he wrote 
his book, and as neither of us know, we will assume 
that the translation is correct. Prof. Helmholtz simply 
stated the analogy, taking it for granted that every one 
who would read his book knew that sound-waves be- 
longed to "longitudinal" not "transverse" vibrations, 
arid would know there must be a limit beyond which 
the' analogy must not be pu.shed. 

Take this passage from Nicholson's Encyclopaedia, 
published in 1818 : 

" The sonorous wave body having made ils impression on the con- 
tiguous aif, that imprEssion is propagated from one panicle to aoother, 
according to the laws of pneumatics. A few particles, for instance, 
driven from the surface of the body, push or press the adjacent panicle* 
into less a space ; and the medium, aa it is thus rarefied in one place, be- 
comes condensed in the other : but the air thus compressed in the second 
place is, by Its elasticity returned back again both to its former pli 
and its former slate, and the air conliguous to that is compressed; and 
ihe lilie obtains, when the air less compressed expanding itself, a new 
compression is generated. Therefore, from each agitation of thi 
there arises a motion in it, analogous to the motion of a wave Or 
surface of the water, which is called a wave or undulation of air- 
each wave the particles go and return back again through very short 
equal spaces, the motion of each particle being analagsus to the motion 
of a vibrating pendulum, while it performs two oscillations ; and most 
of the taws of the pendulum, with very little alteration, being appli- 
cable to the former." — Art. "Sound." 

The writer here says a sound wave is "analogous" 
to a water-wave. He also says the motion of a particle 
in a water-wave "analogous" to the motion of a 
pendulum. 

Suppose some one would say, "The pendulum 
moves in a line almost horizontal, therefore the particle 
in a water-wave must move in a line almost horizontal, 
because this writer says the two movements are anal- 
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ogous." Would we all be convinced of the conclusive- 
ness of the argument? 

The writer in the Encyclopcedia simply took it for 
granted that the reader would not lay aside his common 
sense when he read his article, and Prof. Helmholtz 
did the same thing. 

The Doctor says on page 237 that it is " essential " 
to his argument that there shall be no difference what- 
ever between water waves and sound-waves. But we 
have seen that one is a wave of transverse vibration, 
the other of longitudinal. 

A large part of Dr. Hall's book is but ringing the 
changes on three phrases — phrases of such obvious 
meaning that Dr. Hall can claim the distinction of 
being the first man who was ever misled by them, and 
no one will not dispute his claim. 

There seems to be a mental infirmity in Dr. Hall, 
such that it is impossible for him to see the difference 
between a transverse and a longitudinal vibration. Thus : 

"But if such a piLch of sound as I have assumed passes through 
iron in this way, ha.ving a.n actual wave-Ienglh of 476 feet, and a depth 
of 'amplitude' so ' infinitesiinal' that the most powerful magnifying 
glass fails to reveal it, then how much, I ask, does it lack of a straight 
course ? If a line were drawn 476 feel, 50 nearly straight that a power- 
ful microscope could not reveal the least deflection, is there a mathe- 
matician on earth who would not, without a moment's hesitation, 
pronounce that a straight line ? Am I not justified, therefore, when 1 
assert that so far from sound passing through rock, iron, water, wood, 
or even ait; by wave-motion (which has no existence at all without 
amplitude), its route can only be a direct line? " — p. 245. 

]f the amplitude in a longitudinal wave were ten feet, 
the particle would not depart from a right line. 

. For a man to stuff the phrase, "precisely similar 
nature," into one ear, " exactly in the same way " into 
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the Other, take " essentially identical " on his tongue, 
shut his eyes, and be forever afterward absolutely im- 
pregnable to every argument, proof, statement, ex- 
planation, and new conception is with parallel in the 
annals of Psychology. And if, when his error is pointed 
out to him, the blunderer again mumbles over his pet 
phrases as a pleading excuse for his mistake, we could 
scarcely avoid the conclusion that the man had become 
a monomaniac. 

All this part of Dr. Hall's book is a great pyramid, 
standing on its apex, and that apex an analogy, forced 
to "go on ail fours." 

Another question that the Doctor asks, is this: 
How great is the amplitude of a sound-wave? 

He gets excited about this. He craves an answer 
as a favor, and demands it as one of his inalienable 
rights. Scientific men are base deceivers for not telling 
him. 

Now, the question is just as sensible as this, and 
no more so — How large are the waves when a stone is 
thrown into the water? 

We reply. It depends on three things — the size of 
the pebble, the distance through which it falls, and the 
distance from the center of the circle at which i 
measure the expanding wave. 

Pebbles are not all of the same size, and the size of 
the waves will vary with them. Also the waves are 
larger the farther the pebble falls. If we measure the 
wave after it has run twenty feet, the altitude is not so 
great as though it had come but ten feet. Sound- 
waves, even at the source, are not all of the same 
amplitude, for loudness depends almost entirely oo 
amplitude, but all sounds are not equally loud at the 
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source. But the water-waves, as they spread into 
larger circles, become less in amplitude, so also sound- 
waves, as they spread into larger spheres, become of 
less amplitude, and their loudness diminishes. 

Dr. Hall's question admits of no definite answer, 
and physicists do not trouble themselves about it. 

In the second chapter I have given Lord Rayleigh's 
calculation, but we see he took into consideration the 
pitch of the sound and the intensity at the origin. 

In the light of these facts this passage is not very 
fiumidable: 

"Now, suppose I should ask Pruf. Tyodall to tell me the exact, or 
eren approximate amplitude of the vibiating air particles in feet or 
inches for this system of waves, which is here shown to have a deter- 
minate wave-length of 'four feet four inches,' could he do it? I 
loswer, empliatically, he could not, and, if be could, he dare not to, 
for it is a notorious fact that though these writers on sound are con- 
stantly calculating and recording the 'wave-length' in literal ' lat' 
and 'inihts' of tones of various degrees of pitch, thty kani neutr once, in 
all their writings, so much as iatiniated even the affrojcimalt amplitude or 
■miiSA of swing of the air pardcles in any single system of seumi-ivaves." 
(Italics his.) — p. 239. 

On page 323 Dr. Hall says: 

"There is no escape from this rule, ns the reader, no doubt, sees; 
for this tontractien of wave-Ungth, and this diminution of velocity, accord- 
ing to the ratio of decrease in amplitude, is strictly and philosophically 
interde pendent and coincides with the laws of wave-motion, as here 
evolved." (Italics bis.) 

It is easy to show that the Doctor "evolved" his 
law out of his own inner consciousness, and not out of 
his experiments. 

Allow me to lay down two laws which flatly con- 
tradict this which the Doctor has formulated, and the 
reader shall judge as to who is correct. 
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(i) A ■wave once started mainiains its luave-levgt^ 
unchanged, however much the amplitude may diminish. 

(2) The velocity also is a constant quantity. 
wa7>e once started 7nahitains its velocity unchanged, how- 
ever much the amplitude may diminish. 

As a personal favor I ask the reader to try throwitij 
some pebbles into a still pond and watch the waveled 
as they spread into ever widening circles. 

The amplitude incessantly diminishes, butthecrestj 
maintain the same distance between them as far as thi 
eye can trace them. 

Neither does the velocity become slower as the 
amplitude dininishcs; the little wavelets, when tliey 
have grown so small that the eye can scarcely foUow 
them, are running as fast as they did near the center oi 
the disturbance. 

The Doctor looked on the placid waters of the battt^ 
tub and the tiny wavelets running on the surface, 
he saw only that which a child ten years old would havd 
seen. He saw the circle of the wave get larger and 
the amplitude get smaller. That is absolutely all he saw. 

Each wave was about an inch from crest to crest- 
that is, in wave-length. After the wave had traveled 
about the full length of the tub he wondered how far 't 
then was from crest to crest. But he did not loolq 
He had reasoned it out before and that was enough fo 
him. 

If he had looked he would have seen that the dil 
tance was the same as at first — an inch. He bai 
reasoned it out that this distance should be constantl] 
diminishing. 

Speculation had told him that the velocity of a » 
should steadily grow less as the amplitude diminished 
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Here was a chance to test his theory, but he did 
I do it. Thus this initial experiment taught him 
nothing. 

He dropped a pebble into the secluded mill pond. 
The same law of Nature prevailed. But he saw not 
that a wave once .started maintained a constant velocity 
and wave-length, that the amplitude alone diminished. 
He was bent on getting a different answer. 

With his friend he gazed on one of the watery high- 
ways. The same law prevailed for larger and smaller 
waves. 

He visited Rockaway Beach, 

•'On old Long Island's sea-girt shore," 

And '■ What were the wild waves .=;aying? " They were 
saying in thunder tones that the amplitude alone of a 
wave varies— that (except in the case of breakers) the 
wave-length and velocity arc constant. 

On page 245 the Doctor says a wave 476 feet from 
crest to crest, and only one inch high, would be a 
" ridiculous caricature on wave-motion. " Then Nature 
perpetrates "ridiculous caricatures" on herself. The 
ratio in such a wave between the altitude and wave 
length is as i to 5.712. As the length remains con- 
stant while the amplitude diminishes, any wave, if it 
runs far enough, will come to this ratio. 

The sea is sometimes found to be in very long, flat, 
smooth waves. Sailors tell us that these are caused by 
a storm at some great distance. The waves have run 
beyond the direct influence of the wind, and their 
amplitude has diminished but their wave length has 
remained unchanged. Hence they will come to this 
very ratio, but Dr, Hal! pays this ratio is a "ridiculous 
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caricature on wave motion." The wave is responsiblt 
not the physicists. 

The amphtude diminished and Dr. Hall says the 
wave-length should contract at the same time, hence a 
storm at sea should end in the far distance in a sea 
broken up into ripples! 

Dr. Hall had a case to make out, hence he pro- 
ceeded to formulate laws suitinj^j his theories however^ 
flatly his experiments contradicted them. What 
fiasco is this ; 

" If, thererore, tliere is the least analog; existing between acta 
wave-motion, as thus emplified, and sonorous propagation, it must 1 
perfectly clear to a logical mind that a iototd should Iraitl stawer m 
slauitr At farthtr it gets away /ram the gentratmg mstrunienl,whiie ilikou 
aho become higher and higher in fiich by the csntracdoa of its wane-Un^kt, 
as Ms is exactly the manner in which ■waler-taaves are profagaled," (Ita"'^^ 
his.)— p- 2^i- 

And all this unconscious burlesque on taking scien- 
tific observations by the High Priest in the temple of 
the new dispensation in science. 

Dr. Hall, in his book, discusses but a few of tlM 
known experiment and phenomena in acoustics. And 
even were his criticism in each case correct, the vasf 
majority would remain unanswered and unexplained.: 
But it is not necessary that this monograph be ex- 
panded beyond the limits of the book it reviews. 
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THE CONSERVATION OF ENERGY. 

"Thus the seer, 
With vision clear, 
Sees forms appear and disappear, 
In the perpetual round of strange, 
Mysterious change 

From birth to death, from death to birth, 
From earth to heaven, from heaven tu earth; 
Till glimpses more i^ublime 
Of things, unseen before. 
Unto his wondering eyes reveal 
The Universe as an immeasurable wheel 
Turnrng for evermore 
In [he rapid and rushing river of Time." 

The Ancients believed that when water evaporated 
Or wood was burned, the matter was annihilated, 

Moderns bcheve that matter, in the ordinary course 
of Nature, is indestructible ; that there is as much mat- 
ter in the Universe as there ever was. 

We may call this "the conservation of matter." 

The Ancients believed that one elementary sub- 
stance might be changed into another. 
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The philosopher's stone, which would change every-* 
thing it touched into gold, was the phantom of their 
lives. 

The Modems believe that the elements are un- 
changeable, that no one is ever changed into any 
other. 

The Ancients believed that there were many gods. 
They had one for each department of Nature, or even 
each locality. 

Christians believe that there is but one God for all 
departments and all localities of the universe. 

They believe, further, that this unification exalts 
their conception of God ; that to divide God is to de^ 
grade Him. 

The Ancients drifted to the belief that there were 
many elements. Moderns believe that there are but 
comparatively few — about sixty-eight. They believe 
that the wonderful diversity of Nature comes from di- 
versity of combination, not diversity of elements. 

The Ancients believed that there were as manjT 
types in the animal and vegetable kingdoms as ther( 
are species. 

They further believed that the type of one specieS 
had little, if anything, to do with the type of any othei 
species. Their gods were capricious, and constructed 
a new animal as the impulse prompted them, and with' 
out any thought of the other species in their minds. 

Had such been the Process of Creation, to try t 
find unity of plan in Nature would be folly. 

Moderns believe that there are but few types, and 
that the Creator has delighted to produce modification! 
of these for different purposes. 

There is, undoubtedly, a structural analogy between 
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the arms of a man, the fore legs of a horse, the wings 
of a bird, and the pectoral fins of a fish. 

We bcHeve that our God has not been capricious, 
but a Deity of continuity of thought, working according 
to a plan, and hence could produce a "universe" — a 
turning into one. 

We beheve that in tracing this unity in nature we 
can exclaim, in the words of one of the greatest of 
earth's scientists: " O God, I think Thy thoughts after 
Thee." 

The Ancients believed that force could be annihi- 
lated, that energy is destructible. 

Perhaps the most sweeping generalization that 
science has ever made is known by the name of "The 
Conservation of Energy." 

It means that energy Is conserved, is never annihi- 
lated, and that the Universe contains as much energy 
as it ever did. It is a recent generalization of science. 
It is a doctrine based not on metaphysical considera- 
tions, but is the result of countless experiments. It 
gives coloring to all scientific thought to-day. 

One of its first practical applications was made 
in the perfecting of the steam engine. Calculations 
were made as to the amount of energy generated 
in the burning of one bushel of coal. The energy 
yielded by the engine was found to be far less than 
this. It was said, "There can be no destruction of 
energy. The disappearance must be due to wastage, 
not annihilation." 

There arose among manufacturers a sharp competi- 
tion as to who could build an engine that would make 
available the largest percentage of the energy given off 
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by the burning of the coal, and it led to great improve- 
ments in steam boilers. 

Men are trying to make another similar application- 
of this famous doctrine that will be of great commercial 
use to mankind, while the mind is at the same time 
impressed with the belief that we do not live in a hap- 
hazard world. 

An engine, say of ten horse-power, is used to drive 
a dynamo (a machine for converting mechanical energy 
into the electrical current). This current is then c 
ducted by wires to a motor {a machine for converting 
the electrical current into mechanical energy). 

But it is found that the horse-power of the motor 
does not equal the horse-power of the steam engine 

So it is said, "This loss must come from wastage, 
not destruction. The conversion must be made more 
complete, the leakage prevented." 

When this is accomplished the engine and dynamo 
maybe placed where coal and water are easily obtained,, 
and the motor and factory where the circumstances o( 
commerce demand. 

In that day cities may be kept much cleaner than 
now. Much has been accomplished, but the conver-. 
sion is not yet complete enough to make the invention, 
capable of wide commercial use. 1 

Science beUeves that matter is indestructible, and 
non-convertible. It also believes that energy is equally 
indestructible, but that it is convertible. ^ 

Conceive in the mind of a cubical glass box, si3< 
inches on a side, filled with bees. Push the box, which 
is lying on the table, two inches toward the South. 
This is "mass motion" of the box. The quivering 
cluster of bees within represents it^ ' ' molecular motion."" 
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In their present state suppose we let their motion 
represent heat. We blow smolte into the box. The 
bees become nervous and their quivering changes its 
character. We may let it represent electricity. We 
introduce more smoke. The bees become still more 
excited and the vibration of the shuddering mass again 
changes its character. This may represent light. Yet 
the box, all this time, has been lying perfectly still upon 
the table. 

Modern science thinks it probable that heat, elec- 
tricity, magnetism and light are "modes of motion." 

But they are modes of "molecular" not "mass" 
motion. When it is said that probably the wires of 
the electric telegraph are in vibration, it is not meant 
that they are surging back and forth on the insulators 
to which they are loosely attached. 

That would be "mass" vibration. The difference 
between "mass" and "molecular" vibration is not a 
mere difference in degree. There is a radical difference 
in kind. 

The amplitude of the "molecular" might even be 
the greater. 

The amplitude of sound-waves is, in the majority 
of instances, doubtless infinitesimal. But that does 
not make the vibration " molecular." 

I do not think any one can study heat, electricity, 
magnetism and light for any considerable length of 
time without concluding that there is a vital connection 
between them. 

Thus we sec " Unity in Diversity " in forces as well 
as in organisms. One can hardly be produced without 
generating some of the others also. 

A copper wire, which is a good conductor, joins 
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the poles of a battery. The current, as shown by a 
galvanometer placed in the circuit, is strong. We cut 
the wire and connect the sections by a short piece of 
platinum wire, which is a poor conductor. When 
current again passes the platinum wire is heated, but 
the strength of the current is reduced. 

If the brakes of the railroad train be set so tight as 
to stop the wheels, the rails are heated by friction. 
But the "molecular" motion of heat is produced at the 
expense of the "mass" motion of the train. 

The platinum wire seems to introduce somethin] 
analogous to mechanical friction. If the original cur- 
rent is strong enough the platinum wire will yield lighl 
as well as heat. This is the principle of the " incan 
descent" electric lamp. They are all examples of th( 
transformation of energy. Molecular motion is doubt 
less inconceivably complex. 

The telescope reveals a complex system of planetSgt 
satellites and comets revolving about the sun, which 
itself in motion. Yet our solar .system may be but 
molecule in the vast Universe of God. 

A microscope of transcendent power might reveal' 
as wonderful a system of "wheels within wheels." 

The microscopic world may be as intricate as tht 
telescopic. 

The inconvertibility of matter stands forever in thi 
way of any theory based on corpuscles explaining thi 
convertibility of energy. The convertibility of motion 
makes such a conversion possible. 

A motion might easily change its direction, a sul 
stance could not change its identity. 

On one theory we can see how the electric current, 
passing freely in the copper wire, might, under other 
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conditions in the platinum wire, be changed into heat, 
or even into h'ght. The other theory says that such a 
transformation is impossible. 

I think no one can study the telephone of Prof 
Bell in its original form without concluding that the 
sound is changed in the transmitting instrument into 
an electrical current, and back again into sound in the 
receiving instrument. 

I have said there is a radical difference betweer* 
"mass" and "molecular" vibration. 

So here the " mass" vibration of the diaphragm of 
each instrument acts as a sort of connecting link be- 
tween the "mass" vibration of the sound and the 
"molecular" vibration of the electric current. 

The men who have made the most wonderful dis- 
coveries of fundamental principles, and those who have 
made the most useful applications of these principles 
in electricity, heat, light and magnetism, have been 
men who favored the doctrine of vibrations and who 
were fully convinced that sound, at least, is a " mode 
of motion." 

And though the theory of emissions has tried, for 
the last ten years, to dazzle the world with its effulgence, 
no man who has accepted its doctrine of sound has 
ever added one fact of observation or experiment to 
the stock of the world's knowledge on this subject, or 
has given to the world one useful invention based on 
his own theory. 




There is scarcely a thing in life to which men may 
apply themselves which can show more self-sacrificing 
devotion than science. Faraday gave up a fortune 
that he might give himself wholly to investigation ; and 
died poor, but without regretting that he had made the 
choice he had. The scientists of the world are, as a 
class, men of moderate means. Original experimenta- 
tion is mostly carried on at a financial loss to the ex- 
perimenter. Many scientists devote the whole of their 
surplus income to making collections and trying ex- 
periments, sometimes, indeed, denying themselves 
many of the comforts of life that they may do this 
work, and attend the meetings of the various scientific 
societies. " Substantialists " have declared modem 
science to be heartless and to drift wholly toward self- 
ishness. Many English hterary men, politicians and 
ministers have lectured in America and carried some 
United States dollars home in their pockets. So 
I lecturers in England think a large collection 
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of coins with the Queen's image upon them is a nice 
memento of their journey. The " substantialists " con- 
sider Prof. Tyndall the High Priest in this modern 
Temple of Selfishness. The proceeds of Prof. Tyndall's 
lectures in the United States amounted to 813,033. 
After the course was finished he made this announce- 
ment: 

"As an evidence of my good will toward the people of the United 
States, I desire to devote this sum to (he advancement of theoretic 
science and the promotion of original research, especially in the de- 
partment of physics in the United Stales." 

The trustees allowed this sum to accumulate by the 
constant addition of unappropriated income until it 
amounted to ?32,ooo. Then three fellowships in phys- 
ics were established; at Harvard College, at Columbia 
College, and at the University of Pennsylvania. 

The discussions that have taken place over various 
points in science, while they have often been long and 
eager, have been remarkably free from bitter personal- 
ity. Religious polemics should have set the world a 
good example in this, but they have not. 

There may not be so many protestations of love 
and affection between two scientific men who engage 
in a discussion on some point in their specialty, but 
there will not be half so many charges of dishonesty 
and insincerity either. 

Scientific men have shown an unusual openness to 
conviction. It is not difficult to find examples where 
an advocate on one side of a question, at the beginning, 
has been converted and has ended by being a disputant 
on the other side. Such cases in religious or political 
discussions are rare. For political discussions are, 
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to-day, far more dishonest than reHgious disputes ever 
were. 

In his book Dr. Hall ha;; simply set up a man of 
straw and gallantly knocked him down again. He is 
overwhelmed with amazement that the scientific world 
does not stand agast at the catastrophe and rush to the 
rescue as soon as it can regain the use of its faculties — 
that is, what few it has. 

The straw man that Dr. Hall knocked down the 
scientific world did not set up, and it had no interest in 
his fate. To produce a theory outwardly similar to the 
wave-theory, but radically different on essential points, 
and then overthrow this, is not to overthrow the un- 
dulatory theory of sound. 

Not that I thought this ancient doctrine was in any 
danger have I written this review, but 1 have written it 
because I thought it a good subject on which a young 
man might exercise his inexperienced pen. 

Dr. Hall insists that there can be but two theories 
of sound, tile undulatory theory and his own hypothe- 
sis — that is, that sound is composed of corpuscular 
emissions. At first he allowed this to mean much the 
same as material emissions. However, seeing the 
weakness of this theory, he has refined and explained 
away the meaning of the word "substance" until it 
means nothing thinkable, nor conceivable. 

Hence the Doctor should have granted that there 
could be three different theories of sound. This ap- 
parent oversight, however, is really not such, but has 
a philosophy behind it. If, at first, a theory of sound, 
in which the emitted corpuscles had no physical or 
thinkable properties, had been presented to Dr. Hall, 
he would promptly have rejected it as fanciful. Though 
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now advocating it, he left no place for it in his dual 
classification. 

We have seen that no theory of emissions will do. 
The more such a theory is studied the more unreason- 
able it appears. This leaves us only the wave-theory, 
even though it contains some difficulties. Our work 
seems to be to find an explanation of the difficulties 
rather than to find an hypothesis that contains nothing 
hard to understand. 

The " substantiaiists " were at first very anxious to 
gain the endorsement of some prominent physicist, but 
finding they can not gain it they are making a virtue 
out of a necessity and frequently talk as though they 
do not care about it ; indeed, do not want it. They 
rejoice in the endorsement of the common mind. Mark 
Twain engraved a map of Paris, of which he was very 
proud, and, concerning which, he says : 

" Inasmuch as this is the first time I ever tried to drift and en- 
grave a map, or attempted anything in any line of art, the comroenda- 
tEon the work has received and the admiration it has excited among 
the people have been very grateful io my feelings. And it is touching 
to reflect that by far the most enthusiastic of those praises have come 
from people who know nothing at all about art." 

Probably nothing else has been a source of so much 
amusement to the "substantiaiists" as the supposed 
fickleness of scientific men. Theories have been 
framed, they say, only to be discarded. They regale 
in the fact that theory after theory in geology has 
arisen, flourished and passed away. Now a theory of 
sound is brought to them which has been studied so 
little in the past that we may consider it brand new. 
It is very revolutionary in its character and will lead to 
the revision of all scientific theories. In this great 
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work all can find enough to do to make them famous 
for all time to come. They examine it, can not con- 
vince themselves of its correctness, and so decline to 

become its adherents. 

Then we read long articles on the conservatism of 
scientific men. "Substantialists" say of themselves 
that they must wait for another generation before they 
can be appreciated. Scientific men, we are told, are 
so conservative that no radical change occurs within 
the life-time of one generation. 

Is not this instantaneous transformation of the 
former fickle gallant into a lover so constant that it 
amounts to absolute blindness, one of the most won- 
derful occurrences recorded in history? 

This charitable explanation of the fact that no 
prominent physicist has accepted the corpuscular hy- 
pothesis satisfies some "substantialists," but seemingly 
the greater number think the true reason is that scien- 
tific men are so completely lacking in common sense 
that they can not understand plain argument, or else 
they do understand, and are convinced, but are too 
dishonest to acknowledge it. But it is not wise for a 
man to conclude that his opponent in argument is 
either a fool or a knave. It is even possible that a 
man may be mistaken himself sometimes. 

When a little coterie of men find that they can not 
convert the world to their own way of thinking, it does 
not convince us of the correctness of their views for 
them to conclude that all the rest of the world are 
mentally infirm — that wisdom is found only in them- 
selves, I once heard of a jury that disagreed. The 
vote stood eleven to one ; and that one afterwards re- 
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marked that he ' ' never saw eleven such obstinate men 
as those fellows were," 

The writings of the " substantialists " are filled with 
misrepresentations, though in a large majority of cases 
the dishonesty is entirely unconscious. Take this, for 
example. 

Speaking of the rise of scientific thought in the 
middle ages, Rev. J. W. Lowbersays: 

"The old. school of scientists became very much alarmed at the 
new awakening. They could leadi]/ see what would, in the nea.i 
future, be their doom. So they made use of the civil and ecclesiastical 
powers to check the progtess of the new doctrine. Such men as 
Copernicus and Galileo were rushed away to prison, aid Lulher was 
met with the mast determined opposition. The excitement became go 
great that the fanatical rulers established that infernal couit— the In- 
quisition. Racks, chains, scourges and thumb-screws 611ed its execu- 
tion rooms, and the work carried on in the chambers of this horrid 
tribunal was calculated to strike terror lo the bravest hearts. No 
tortures invented by untutored savages could compare to the blood- 
curdling horrors perpetrated by these inhuman monsters upon their 
victims. All Europe was, for a time, drenched with blood, but 'truth 
crushed to earth will rise again.' " — Seiintific Arena, October, 1886, 
p. 7>- 

The men who persecuted the investigators of nature 
during the Middle Ages did not belong to "the old 
school of scientists." They were not "scientists" in 
any sense of the word, and did not claim to be. They 
would have scorned the name of "scientists." 

They belonged to Rev. Mr. Lowber's own class — 
they were theologians, and gloried in the name. They 
opposed the new views in science, not because they 
conflicted with the science to which they had been 
accustomed, but because they conflicted with their 
theology. And tJierewas no subterfuge about it; they 
leir opposition was theological. They were the- 
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ologians first, last, and all the time, and they did not 
try, nor pretend to trj-, to bring scientific arguments 
to put down the new views. If any views conflicted 
with their views in theology, that was enough for thenrui 
That settled the question in their minds. This attempi 
by Rev. Mr. Lowber to distort the facts of history wiU 
not do. 

The writings of the ' ' substantialists " have been 
filled with declarations that "current science" is thor- 
oughly worldly, and is of the earth, earthy. Time and 
again have they expatiated on the fact that among the 
last of Charles Darwin's works was that upon worms. 
The ' ' substantialists " have been proud to say they wil] 
never trouble themselves about worms, nor any othei 
trifles. 

Their articles arc written in the "blue azure" style. 
They have soared through space and delivered grand- 
iloquent orations on grand themes, innocently suppose 
ing they were adding something to the sum of humatL, 
knowledge. Though claiming to be "scientists," it ja 
only occasionally that we can find among their writers 
any one who seemingly has ever tried any experimenta 
at all 

Some of the greatest men in the history of meta^ 
physics have vigorously denounced the experimental 
philosophers, saying they were debasing the mind, 
that they were abandoning the reflective powers and 
depending on the perceptive. This feeling, more than 
anything else for a long time, kept science in the back- 
ground in our colleges. The other departments would 
not admit that the intellectual work in the scientific 
department was on as high a plane as that of their owa 
department. 
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Science holds a prominent place to-day, but every 
inch of the ground has had to be fought for, to be 
wrenched from men who thought science was wasting 
its time on trifles. The ' ' substantialists " have thought 
it unworthy of the human mind, with its great destiny, 
to deal with worms and other trivial things. 

Any man who feels that way about the common 
things and phenomena about him will never do any- 
thing great in science, (or greatness in science is based 
on. paying attention to seeming trifles. 

Rev. John P. Newman, in speaking of the Ancients, 
says: 

"Pylhagoras at Crotnna, PIqIo on the Promontory of Suniutn, 
Cicero m hia Tuscan Villa, thought it unworthy to seek the supply of 
mnn's vulgar wants. Astronomy is older than the pyramids, but the 
astronomers of the best civilizations of the past considered it a de- 
gradation to apply the science of the stars lo the common wants of man. 

" They pursued the study of the heavenly bodies for the brilliancy 
of the thoughts suggested, and for the v asm ess of the universe it un- 
folded to the mind. Mathematics were esteemed useful for their 
mental discipline and for a certain spirituality they imparted. But they 
were not lo be applied to those useful inventions that lift the burden 
of toil from the shoulders of humanity. Plato remonstrated with his 
friend Archytas because he had framed machines for useful purposes 
on matiemaiical principles, and Archimedes was half-ashamed of those 
inventions which were the wonder and admiration of the foes of his 
country." 

Paying attention to seeming trifles leads to great- 
ness in science, and paying attention to the world we 
live in, may even lead to God Himself. That marvel- 
ously gifted man, Rev. F. W. Robertson, says; 

" To ask, ' Why ? ' is the best Christian lesson for a child. Not 
the 'TB&y' which is the language of disobedience, but that '■wAy' which 
demands for all phenomena a c.iuse. It was this which led Moses OD 
Mount Horeb to say, 'I will turn aside and see this ureal sight, why 
the bush is not burned.' So it was that Moses found out God." 
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PREFATORY NOTE. 

When the following thesis was read, it was the expectation of the 
writer to extend his studies in this direction further ; but circumstances 
have not favored his plans, and he now publishes his monograph, in 
the hope that it may come to the notice of some one who has both the 
means and inclination to enter upon this sort of an investigation. 

With the exception of one slight change, it is published exactly 
as read before the examining committee ; hence the language is 
severely technical, and it is not expected that persons with no special 
scientific tastes and training will read this appendix. 




A THESIS. 



The investigations narrated in the following paper were under- 
taken at the suggestion of Professor J. W. Langiey, and throughout 
the work I have enjoyed the benefit of his counsel. 

The relation of electrical to chemical forces has been a favorite 
«uhject of study^ with chemists and physicists far a long lime, even 
with those who did oot believe io the identity of nature in these two 
forms of enei^y. 

As late as April 5, 1881, Prof. Helmholti^ in his Faraday Lecture 
advocates the doctrine that these forces are fundamentally identical. 
After discussing Faraday's law of definite electrolytic action and its 
results, he says ; 

■■ t'uradny very aflen recurs ta thi< la cxpresi bis conviclion thai Ihi forcii 
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I think 



in the following pages that chemical forces 
pressed in terms of electrical measurement. 
This fact cer- 



cldcliinJ origin." 

It will be seen evei 
may be measured and ei 
without any computatio 

tainly does not prove the identity of the two forces, but 
esling fact and one not to be overlooked in making up 

This attempt lo get some numerical data as to the relative strength 
of attractions in chemical affinities is not a late effort only with work- 
ers in physical science. 

Tidy* enumerates sii methods that have been employed by differ- 
ent investigators, and which 1 transcribe, giving the name of one or 
more of the principal eiperimenters by each method, 

I. Afiinity measured by reference to the specific gravity of bodies. 
(La Place and others.) 

II. Affinity measured by the force of adhesion. (Guyton Morreau. ) 

III. Affinity measured by the amount of force required lo eflect 
the decamposltion of a compound. The decomposition was effected 
in this case, first— by heat; secondly — by a superior affinity. 




IV. Affinity measured by the time of combinatian. (Weniell.) 

V. ADinily measured by the combining proportions. (Kirwan.) 

VI. Affinity measured b; the electrical condition. (Thompson.) 
In this method Che " electrical condition " is shown by the successive 
precipitations. 

It is not within the scope of this article to enter into a discussion 
of the merits of these various methods; suffice to soy that Prof. Tidy 
closes his review by saying ; 
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VII. Another way of approaching this subject not included ii 
above list was first inciicated by Joole' in the following words; 



ihF law of Ohm 1 then 
curredlequsliywilhll 



This method has of late been employed by several experimenters, 
prominent among whom is C. R. Alder Wright,' who in a seric 
articles has discussed the results Dblained by himself and others. 

Without doubt this is one of the most truly scientific methods that 
has yet been employed and the results obtained by ic are very instruc- 
tive, but it seems to me that (he difficulties of manipulation would be 
very great and the errors of observation would be liable to be large. 

VIII. Another method much used of late and probably mur 
available than any of the preceding is to measure the heat evolved 
during the combination of elements. 

Thus, the heat evolved by the oxidation of a metal (as determined 
by burning it in an atmosphere of oxygen) evidently gives some i 
cation of the absolute force binding together the atoms of metal and 

Or, if we dissolve the metal in an acjd the amount of heat evolved 
wit] evidently give an expression for the affinity between the acid rad- 



ical and the 



elal. 



This field has been cultivated industriously especially by Favre 
and Silbetman, Berthelot and others, and exiended tabulated results 
published. 

IX. Slill another method Is the one employed by myself, and 
which, as far as I can learn, no one has hitherto used. The principle 
of it may be explained as follows : 

The atoms or groups of atoms of a molecule are held together by 
a certain force of chemical affinity. This attraction, we know, can be 
overcome by the electrical current and the atoms torn asunder. We 
also know that below a certain electro-motive force this separation does 
not occur. Now could we measure the electro-motive force of the cur- 
rent at the moment this separation first takes place, we would, evi- 
dently, have an expression for the strength of the chemical affinity 
which has been overcome. But if the battery current be now broken 
and the wires from the electrodes be connected, we find a reverse cur- 

Irent generated by the recombination of the separated elen 
irheD 
Willi 



:s elect to-motive force is just equal to 
paratc the elements. Hut it must be 
ot always broken up into the individ- 
ut often into groups of atoms only, 
tive force of the polarization current 
luld be in the lirst case. The fact is, 
15 it might be called, occurs, rather 
itive force of the polarization current 



e may rationally assume tha 

mbered that a molecule i 
il elements that compose it 
nrlien, of course, the electro-i 
^•rill be different from what it 
I this proximate analysii 
than the ultimate, the electro- 
will be lower, for were the lal 

Again, were the elements, or Ions, as they are called, able to 
e with the elci^trodes at the moment of separation, evidently 
e would be no current of poloriiation at all, and any such action 
t may occur will have the effect of reducing the electro-motive 
e of the current. 
I will now describe the various parts of Che apparatus employed, 
V they were put together, and the methods of manipulation. 

I. THE BATTERIES. 
. The battery employed was a new one, invented by MM. de 



a Sande and Chaperon.* 

As I used it, it was essentially a 
tion resembles the comi 
if the solution of copper sulphate tl 
rated solution of commei 

lus forms of thi!«ll5tt 7*/ 



The battery in appeat- 
Lty battery, but, in place 
.s filled nearly to (he top 
■d lye. 



The inlervenlng distance was neil divided into Iceotimelers by 
lines drawn parallel to these Hrst lines. A narrow strip of paper wM 
ihcn glued along one edge of the board and Ihe lines nomhered apon 
it from o to loo, beginning at Ihe left. 

The whole was at last covered with a coating of shellac vatnisli 
to prevent the absorption of moisture and consequent warping. 

A number of bits of copper about two centimeters wide and three 
long were Iben cut from sheet copper. Ten of these were placed along 
the first line at ihi? left hand side, with their inner edges just touching 
it> and 3 or 6 m m apart. Nine pieces were similarl]' placed at Ibi 
gther end of the board, but with their middle points just opposite 
spaces of the other row. 

Eighteen copper wires were stretched between these pieces of 
copper after the manner represented in the drawing (the number of 
wires being reduced however) and soldered fast at the ends. This^ 
wire was about 6.9 mils in diameter and had a resistance, accordin 
to my measurement, of .67 ohm to the 

To the pieces of copper P and N binding-posts were attache) 
which thus became the polet, of the Rheostat. 

By this arrangement I evidently had before me eighteen meters 1 
wire, whose resistance in various parts of its length for equal s 
vras equal, as I found by measurement. 

Now suppose a current is flowing through the wire from ihepol 
live pole P to the negative pole N, and that the dilference of potentii 
between the two poles is three volts, as I have found by ir 

If I place a Bnger of one hand upon the negative pole and 
ger of the other hand upon the wire at the end of the twelfth rr 
counting from the negative pole, I have evidently taken ofTa part q 
the current which is flowing through the wire, and the elec 
force of the part so taken off is two volts, for the difference of potcll 
tial varies gradually from o at the negative pole to j volts a 
live pole, and as I have taken off two-thirds of the wire I 
dently taken off two-thirds of the whole electro-motive force. 

, The movable block fii, page 11, was for the purpose of malcin 
this sliding connection. As 1 could measure to centimeters, I ci 
thus measure to the one eighteen -hundredth of the whole different 
potential between the poles. 

IV. THE ELECTROLYTIC CEI-I.. 
a. For the cell itself a small beaker was used. This was g« 
ally set in a larger, thicker one and wl 



ilso slightly taller a 
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s of wood to which the elee 



thus cDutd act a^ 3 support to the piei 
trodes were attached. 

The ;pnce between the two beakers could be filled with ice 
snow when low temperatures were desired. 

When high temperatures were desired the cell was placed ii 
water-bath beneath which a lamp could be lighted. 

Sometimes the hath itself was packed with snow around the c( 
and which could thus graduaily be raised from perhaps i° C to 94 o 
96' C. 

1 found that a liijuid thus placed in a water-bath would ^etierall; 
not rise above 94° C, 

At the altitude of Ann Arbor water boils below IOO° C anyhov 

i. Platinum electrodes were generally used. These were tl 
plates, about 2 centimeters wide and 3 long. 

One end of the plate wits folded lightly orer a thin platinum w 
which, to give it rigidity, was passed through a very small glass tuba 
and this latter was fastened to a piece of wood for a. support. 

Before using the electrodes Ihey were cleaned with acids, washet 
in pure water, and generally ignited for some time. 

In the electrolysis of chlorides I found that the liberated chiorioj 
united with the platinum electrode, hence, in working with ibes 
compounds I had to use carbon electrodes. These were sticks Q 
common gas carbon something less ihati a quarter of an inch squara 
Before using them they were boiled for s( 
acid to remove any metals they might con 

In working I did not measure the dist: 
but aimed to keep it abont the same — s 

The apparatus was set up as shown in the diagram on page Ii, i 
which 7" is a long table on which were placed the battery B, tt 
rheostat J!, the electrolytic cell C, and the coarse galvanometer^. 

5' is a smaller stand holding the £ne galvanometer £, and th^' J 
double key a. 

The whole was connected as shown in the diagrai 
running from one table to the other being covered with a coating a 
shellac varnish and fastened l< 

Now, supposing that everything is in readiness, the arm i ot £ 
double key a is depressed and the wire dips into the correspoodi^ 
mercury cup ; and this, it will be seen, sends a current into the cell-Q 
the direction of the arrow. 

But if the other arm be now depressed (which a 
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ne thing less than 2 
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makes the conneclion through the galvanometer) we find the current 
of polarizalion flowing through the wire in the direction of the hand. 
But the current from the rheostat is likewise flowing through the gal- 
vanometer in the direction of the arrow. 

If these two currents be just equal they will neutralize one another 
and the galvanometer will not be deflected. By a series of tentative 
efforts, made by changing the position of the point where the block 
touched the wire, this neutral point was soon found. 
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I present a table of electro-molive forces of various 
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This affinity is evidently a form of energy; if so it maj be ex. 
pressed by the formula jmv' — a function of mass and velocity (m, 

The relative mass of the at 
and these do not change. 

The velocity we do not 1 
change. Suppose, now, to any 
imparted. It may all appear 
whole— hence it will affect surt 

heat, electric current, etc., or, the force imparted n 
effect of setting up internal vibration of the componf 
quently will not affect surrounding bodies, in short i 
heat, or potential energy. 

As we have seen, the energy of this system of atoms is 
of its mass and the mean velocity of its parts. 

The fact that no two atoms have the same weight would imme- 
diately suggest that no two atoms have the same inherent energy^ 
other things being equal. 

But we know that other things are not equal, for, the strength 
of affinity is not directly proportional to the atomic weight. 

But it is possible that the mean velocity of the system should be 
so correlated to the mass that the energies of all elements should be 

But we know that such a correlation does not exist, for all atoms 
do not have the same strength of affinity. Thus we see thai two 
quantities go to make up affinity— a constant and a variable. Hence 
we come to these conclusions: 

I. It can not be said that an atom has a Hxed total quantity of 
energy inextricably locked up with it, for a variable quantity is lu- 
ll. It can not be said that the energy (or alBnily) of an atom 
depends solely Qpon the conditions that sairouod it, for a constant 
quantity peculiar to itself is involved. 

Could an atom of each of the elementary bodies be isolated and 
placed under absolutely the same conditions that surround all the 
others, and the energy of each determined, we would have an ex- 
pression for its energy or affinity compared with all the others. 

Thus we see that two atoms may have the same strength of 
alHnity, but not under the same conditions, as the constant factor 
involved (the atomic weight) is in no two cases the same. 

Thus far I have used the words atom and molecule in(crchaoj».J 
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To separate these two atoms again as much energy must be im 
parted lo them as they gave up when they came together. 

This energy may be imparled as heat and gives the pheaomenol 
of dissociation, or, it may be imparled by the electric current an< 
gives the phenomenon of electrolysis. 

I desire now lo refer to the work of well-known invesligaton ii 
this Seld of measuring affinity, and among them there arc none bd 
ter known ih.in Favre and Silberman. I lake the data as collated ti 
Sprague. ' 

But before comparinj; them with the numbers oblaioed by myself 
a few words of explanalion are necessary. 

/. As 1 understand the eiperimenls of these investigators, tbi 
substances were used in the solid state, excepting, of course, 
which are gases at the ordinary temperatures. 

IJut we know that considerable energy is evolved or absorbed it 
changing a substance from a liquid to the solid or to the gaseous stale!^ 

We have an illustration of the energy expended in changing |l 



■fiVj-; l/i Tkes: 
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C-f- = 00 = 30150 heat units. 
C + 30 = COi = 96960 " 
It is but teasonable 10 suppose that (he afHnity or the 1 
the first atom of o>^ygen is as great as it is for the second 
see how large a share of the energy set free by the first com 
expanded in changing the carbon from a solid to a. gas, 

//. As throwing some light upon the results obtained 
in the solid state compared with those in solution, I liansc 
' numbers given by Ecrthclot.' 

^^^^HlTo my mind these cDnsiderallons do not explain why thi 
^^^m obtained by the method I used are larger than the numbers given 
in the books. But whatever may be the explanation of it the results 
I obtained are remarkably consistent among themselves, and one can 
place some reliance upon them in foretelling results. 
I ///. Sprague generally gives the data in foot-pounds, but in the 

table to which I refer (p. 214) they are also given in " equivolts " — 
a term originated by himself. He defines it as " the force engaged 
in efiecling one equivalent of chemical action in a circuit of one ohm 
resistance, and under the volt eleetro-molive force." 

He defines a " chemic " to be a " rale of current which in a sec- 
ond is equal to .17G06 of a veber, and would in ten hours deposit or 
set free one equivalent in grains of any cicnieni or iron," 

The value of the '-equivolt" is 4673 foot-pounds. It will be 
seen that his numbers express energy, while mine express intensity — 
the element of time is not involved. Hence for the purpose of com- 
pirison the equivolt may be taken as equil to Ihe volt. 

It will be seen that the chlorides are higher than the Eulphalei. 
This is because he makes ao allowance for the formation of watel 
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when an oxide dissolves in HCl, but does not make this correction 
in the case of H3SO4, saying that the real energy of the formation of 
SO3 is not known. Hence, for purposes of comparison, I have added 
a column (No. 4), deducting this correction from the chlorides. 



I. II. III. IV. 

R«. Sulphates Chlorides ^JjJf^llS? 

B"*- Equivofts, E. M. F. Equivolts. E. M. F. EquivoltsrE. M F. 

Copper. 1.258 1.467 .770 

Hydrogen. 1.919 ^'1^1 i.oio 

Iron. 2.069 2.268 I -57 1 

Zinc. 2.248 2.400 1.703 

Sodium. 3.795 3.996 3.318 

Potassium. 3-913 4. 121 3*424 

The data given in the table on page 16, together with the results 
of other experiments to be narrated in the proper place will, I think, 
leave no doubt as to the truth of the following propositions. 

With each proposition I will give all the data bearing on the 
subject. 

PROPOSITION I. 

Substitutions between salts take place in the order of the relative mag- 
nitude of their electro-motive forces, 

MgClg 2.64 FeClj 1.92 

MgSO^ 2.90 FeSO^ 2.01 

Cu(N03)2 1.55 NaCl 2.86 

CUSO4 162 KCl 2.90 

The inference from these data does not need any special exposi- 
tion. In each case it will be seen that the sulphate has a higher 
electro-motive force than is found in either the corresponding chloride 
or nitrate. This is in accord with the well known fact in qualitative 
chemistry, that sulphuric is one of the strongest acids, and will dis- 
place most others from their salts. 

This field of investigation will, I think, prove a very fertile one 
when cultivated more thoroughly by scientific chemists. 

Some day, no doubt, elaborate tables will be made out, giving 
the numerical data (in E. M. F., or otherwise) as to the affinity 
between the elements of various salts, so that one can m^k^ out th^ 
reaction b^ examining the magnitude of the affinity, 
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Thus if to a solution of equal pans of KOH and NaOH we add 
just enough HCI to unite with all the K, it does not all unite with 
that base, but part of it goes to the Na, and, neglecting niimbets, we 
have a reaction something as follows; 

KOH4-NaOH-|-HiO+HCl=KCl + NaCl+KOH + NaOH-(-HaO 



COROLLARY. 

A mttal ean not dissolve in an add un/eis tlic free acid ha 
tUctnt-moUve force than the corresponding salt of the metal. 

This follows directly from the above proposition if we t 
acid to be "sail of hydrogen," when it becomes simply a 
substitution between salts. 
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Here Mg. Zn, Cd, and Fe are soluable in H,SO^, while Ag, Hg, 
and Cu are not. The table also shows why iron dissolves in hydro- 
chloric acid. 

Why Ag, Kg, and Cu should dissolve in hot, concentrated sul- 
phuric could, perhaps, be explained by a further enaminalion of the 
influence of heat. 

It will be noticed that at the boiling point the eleclro-motive 
force of the iron sulphate and chloride is lower than that of the cor- 
responding free acid. 

This, I think, can be explained as follows; The ferrous salts by 
being boiled in the open air were largely oxidized to the ferric con- 
dition ; they gave every indication of such change. 

Hence I was measuring the ferric salt, and the fact that its elec- 
tro-motive force is lower than that of the corresponding free acid 
shows that a ferric salt can not be formed directly by dissolving the 
metal in the acid, for this will always form the ferrous salt, and the 
ferric condition is the result of an after change. 
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PROPOSITION II. 

The eUctro-motvve force of a compound falls with the rise of temper- 
ature. 

An examination of the data given on page i6, shows that there 
are no exceptions to this law among the salts upon which experi- 
ments were made. 

The phenomenon of ''dissociation" wonld lead us to expect 
such a result as the table shows ; and the principles involved in this 
phenomenon I have discussed under the head of ''affinity." 

The considerable per cent, of fall of some of these salts shows 
that, with them this breaking up occurs at quite moderate temper- 
atures. 

Could a curve be made out illustrating this decline and its equa- 
tion determined, this point of dissociation might be calculated. 

But very accurate measurements must be obtained to make out 
this curve with exactness; while the carrying ot such curves illus- 
trating physical phenomena beyond the point of actual observation is 
of doubtful propriety, as later and more extended experiments often 
prove that they have been very misleading. 

However, I will give the results of three experiments I tried 
with reference to this point. 

The cell, filled with a saturated solution of CuSO^, was placed in 
a water bath, packed around with snow and NaCl, and the electro- 
motive force measured as the temperature was gradually raised by a 
lamp placed beneath. Table I. 

A similar experiment was tried with the cell filled with pure re- 
distilled water. Table II. 
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The intervals here are irregular; but they are constant enough 
for us to see that the curves for these two substances would not differ 
materially, though they make it probable that the curve for CuSO^ 
would touch the axis of abscissas sooner than the other would. 
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Neglecting the influence of the pressnre of the aqueous vapor I 
have drawn a curve illustrating these results. (See page 24.) Its 
equation, however, I was not able to make out. 

Considering it n straight line, and it does vary greatly from that, 
it gives the point of dissociation for water at 896°C. 

In Watt's' dictionary incipient dissocialionissaid tooccurat96o°C. 

Here, for the sake of the proximity of the illustrations, and not 
from any organic connection wilh the tine of thought, I insert an ac- 
count of some experiments on related subjects. 

I. When we mix water and H^SO, a large quantity of heat is 
evolved. This indicates to us ihat they have not simply mixed, but 
that the water molecules and acid molecules have united in some way. 

I took 20 c. c. of H3SO, (sp. gr. 1.84) and boiled it until fumes 
were given off, then allowing il to cool I measured its E. M. F.. and 
added varying q 
allowing the 1 

E.M. F. 



ixtiire lo cool each lime before 
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I IiaTe drawn a curve (page 26, No. l] illustrating these results, 
hh wavy line seems to indicate that as water is added to H,SO, 
ere are a succession of compounds of water and acid molecules of a 
Tying degree of stability, lequiring various degrees of force lo break 

I thought perhaps a curve showing the resistance of water at vari- 
IS degrees of dilution might show a similar fluctuation, but I find on 
n that there is no resemblance whatever between tbe two 
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Stttnid. The pressure lends to keep them in Ihe liquid condition, 
hence an augmenled force is necessary to overcome this tendency. 

In the experiments a glass U-shaped tube was partially Elleil with 
acidulated water. Platinum wires with foil upon their ends were then 
insetted al each end of the tube and hermetically sealed. The en- 
closed gases thus set free by eleclrolysis supplied the pressure. This 
was measured by a small mercurial manometer placed in the tube. 

The slighlly rarified condition of the enclosed air, owing to the 
condensation of the vapor generated when the lube was sealed, often, 
however, lifted the mercury out of the tube, and also, after the pres- 
sure had risen to 7 or 8 atmospheres, the indications of the manometer 
could nol be made out. 

For these reasons I depended rather upon the time between two 
readings during which the gases had been generating — hence the hour 
of the day at which the readings were taken is given. 

To increase the quantity of gas generated, 2. Bunsen battery, of a 
varying number of cells, was so placed as to send its current through 
the electrolytic cell in the same direction as the general battery, ("B," 
page II.) This additional current could be cut off at pleasure, and 
wa> so disconnected just before readings w 



e tried si 



erd t 



all V 



i, but 1 tr; 
lar. "I" 



■ilbe the 



Added another Bunse 



Added a Bunsen cell, 
5.38 1.66 



Though another cell was added to " 11 " it made no appreciable 
change in the result. 

The gradual rise 15 easily explained on the principle recalled ■ 

The sudden Call is not so easily explained, but doubtless it n 
due lo the re-combination of the gases thus nnder a pressiue of si 
eral atmospheres. 

It would seem that it is difficult to start this action, but wheo 
once started it takes place freely and just about equals the quaaljly af 
gases generated, as the manometer showed no change ; and each li 
a cell was added and more of the gases generated another and lower 
point of equilibrium was establisiied. 

PROPOSITION IV. 

Tht eteelro-molhit forci of a single liquid gahianii cell is fquaJ to the 
tieess of tht affinity of the acid radical for one plaU ever its affinity far 
tki other — tkeic latter ieittg measured in terms <f electro-mstine force. 

Suppose that into a cell containing dilute H^SO, we dip two 
strips of metal — one of linc, the other of iron. Both begin lo dissolve. 

As ii is a synthetic process energy will be evolved, as we hive si 

and, in fact, the liquid is healed. We connect the two strips of m 
by a wire. Tht energy that formerly appeared as heat now appears 
as an electric current flowing from the plate, through the liquid, ihfl 
other plate and the connecting wire. 

But the two plates arc sending their currents through the w 
opposite directions. Consequently the semible current will be only 
the excess of one over the other. 

By reference to the table (page 16) it will be seen that ; 
The electro-motive force of ZnSOj = z.64 volts. 

' Fe-SOj^a.oi " 

Excess over ZnSO, over FeSO^ = .63 

To test the trustworthiness of this result I made two small cells, 
hlled with dilute H,SO,, — one containing a platinum and a zini 
plate, the other a platinum and sn iron plate. Placing these in 1 
circuit containing a galvanometer, but with their currents flowing it 
oppowtc directions through it, I found, as I expected, that the sensibli 
current wis that due to the platinum-jinc element, but its cleclro- 
motive force I did not Cry to determine. 
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But this is the action of a Daniel cell. Though variously given, 
the electro- mo live force of this element is, according to the best de- 
terminations, 1.079 yolts. 

Though not identical, the numbers ai 
that the principle is correct. 

But in this case the copper does not pass into solution, for, as we 
have already seen, the attraction of SO, is greater, for the hydrogen 
with which it is already united than it is for the copper, yet it is 
under a tendency so to unite up to the full amount of its affinity 
for it. 

Hence, whde no ac 
copper plate, and this stress 
culling down the sensihle curri 
take place. 

If we substitute platinum for copper we find (hat [he electro- 
motive force of the cell is still higher, hut it is yet under z.64 volts, 
showing that even for platinum SO, has some affinity. Could a con- 
ductor be found which had absolutely no affinity for SO,, the electro- 
motive force of such an element, according to these determinations 
for ZnSO,, would be 2.64 volts. 

Thus we see the philosophy of on electro-motive scries. And 
the metals named on page 16 may be arranged in the following 
order: K, Na, Mg, Zn, Cd, Fe, Cu, Hg, Ag. 

When two plates of these melals are placed in HjSO, and eon- 
nected by a wire, a current flows (in the liquid) from the one higher 
in the list to the one lower. 

By a like study of the chlorides a similar series might be made 
out for these metals when placed in HCl, and it is easy to see that 
the two lists might not be entirely identical for all acids. 



le electro-motive force of ZnSO, at 18° C = 1.6^ volts. 

' CuSO, at l8° =^ " 

DiRerenge at ordinary temperature = l-OJ " 
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The electro-motive force of ZnSO^ at 94° C = 2.31 volts. 
«* «« «« *« **CuS04at94° =1.36 ** 

** ** *« Difference at 94° = .95 ** 

This would suggest that the electro-motive force of such a cell 
( DaniePs) would be lower at the boiling point than at the ordinary 
temperature. 

So I made a small CuZn (unamalgamated) cell, placed it in a 
water bath and measured its electro-motive force at 18° C and 96° C 
m the same way that I measured the electro-motive force of the polar- 
ization current in the electrolytic cell. 

I made this determinization twice with the following results : 

At ordinary temperature. 
First trial, E. M. F. of cell = .971 volt. 
Second " *« ** .987 " 

Mean .979 

As we have seen the theoretical number is 1.02 volts. 

At 94° C. 
First trial, E. M. F. of cell = .938 volt. 
Second *« ** ** .949 ** 

Mean .943 

The theoretical number is .92 volts. 

When we remember that all these data are experimental, conse- 
quently liable to error, the results will appear very satisfactory. 

B. As we have seen in considering the theory of the method I 
used in my investigations, the numbers I obtained express the electro- 
motive force of the electric current generated by the combination of 
the separated irons. 

In the electrolysis of water, either pure or acidulated, these irons 
are oxygen and hydrogen. Consequently we have something similar 
in principle to Grove's gas battery, and the E. M. F. of water, as I 
determined it, should be about equal to that of the gas battery. 

For distilled water the E. M. F. is about 2.13 volts. 
«* acidulated " " " ** 1.80 *' (page 23). 

Sprague (page 224) gives the E. M. F. of Grove's gas battery at 
1.50 volts, and quotes De la Rive, who states it to be 2.518 volts. I 
have not been able to find any statement on the subject in other au- 
thorities, but think it quite probable that Sprague is more nearly 
orrect, as De la Rive wrote quite a while ago and was unacquainted 
^h the exact methods of measurement used by physicists at present. 



MEASUREMENT OF CHEMICAL AFFINITY. $1 

From what has been said it would be expected that the E. M. F. 
of the gas battery would vary anywhere between 1. 80 and 2.13 volts, 
depending on the degree of acidulation of the water. 

Two considerations may throw some light on the fact that the 
number given by Sprague is .3 of a volt lower than this minimum. 

First. From what we have seen it would be expected that a 
slight pressure upon the gas would increase the E. M. F. of the bat- 
tery, but beyond a certain point the E. M. F. would rapidly fall. 

Second. In the study of the action of secondary batteries it has 
been found that the E. M. F. of the current they give is considerably 
less than that of the charging battery. 

Something, possibly a molecular friction analogous to mechanical 
friction, seems to resist both the charging and discharging of the cell. 

Now, as we have seen from, the description of the method I 
used, the direct current from the battery was broken, and I measured 
the E. M. F. of the polarization current the next instant — catching it 
at its maximum. It is well-known that this current runs down 
rapidly. 

These two considerations (and the second is the more important) 
probably explain the number stated by Sprague, but I recall no con- 
ditions that, upon this theory, would allow the electro-motive force to 
rise to the figure given by De la Rive. 



ViV- 



